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Abstract
Quantum theory provides an extremely accurate description of fundamental processes in
physics. It thus seems likely that the theory is applicable beyond the, mostly microscopic,
domain in which it has been tested experimentally. Here we propose a Gedankenexperiment
to investigate the question whether quantum theory can, in principle, have universal validity.
The idea is that, if the answer was yes, it must be possible to employ quantum theory to model
complex systems that include agents who are themselves using quantum theory. Analysing
the experiment under this presumption, we find that one agent, upon observing a particular
measurement outcome, must conclude that another agent has predicted the opposite outcome
with certainty. The agents’ conclusions, although all derived within quantum theory, are thus
inconsistent. This indicates that quantum theory cannot be extrapolated to complex systems,
at least not in a straightforward manner.
1 Introduction
Direct experimental tests of quantum theory are mostly restricted to microscopic domains. Never-
theless, quantum theory is commonly regarded as being (almost) universally valid. It is not only
used to describe fundamental processes in particle and solid state physics, but also, for instance,
to explain the cosmic microwave background or the radiation of black holes.
The presumption that the validity of quantum theory extends to larger scales has remarkable
consequences, as noted already in 1935 by Schro¨dinger [1]. His famous example consisted of a
cat that is brought into a state corresponding to a superposition of two macroscopically entirely
different states, one in which it is dead and one in which it is alive. Schro¨dinger pointed out,
however, that such macroscopic superposition states do not represent anything contradictory in
themselves.
This view was not shared by everyone. In 1967, Wigner proposed an argument, known as
the Wigner’s friend paradox, which should show that “quantum mechanics cannot have unlimited
validity” [2]. His idea was to consider the views of two different observers in an experiment
analogous to the one depicted by Fig. 1. One observer, called agent F,1 measures the vertical
polarisation z of a spin one-half particle S, such as a silver atom. Upon observing the outcome,
which is either z = − 12 or z = + 12 , agent F would thus say that S is in state
ψS = |↓〉S or ψS = |↑〉S , (1)
respectively. The other observer, agent W, has no direct access to the outcome z observed by his
friend F. Agent W could instead model agent F’s lab as a big quantum system, L ≡ S ⊗ D ⊗ F,
which contains S as a subsystem, another subsystem, D, for the friend’s measurement devices and
everything else connected to them, as well as a subsystem, F, that includes the friend herself.
∗renner@ethz.ch
1We will later take the term agent to mean a “user” of quantum theory. This may as well be a computer that
gets observations (measurement outcomes) as input and outputs conclusions drawn from the theory.
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Figure 1: Wigner’s and Deutsch’s arguments. Agent F measures the spin of a silver atom S in the vertical
direction, obtaining outcome z. From F’s perspective, S is then in one of the two pure states ψS given in (1).
Agent W, who is outside of F’s lab, may instead regard that lab, including agent F, as a big quantum system L
(orange box). Wigner argued that, having no access to z, he would assign a superposition state ΨL of the form (3)
to the lab L [2]. Deutsch later noted that agent W could in principle test this state assignment by applying a
carefully designed measurement to L [6].
Assume that, from agent W’s perspective, the lab L is initially in a pure state and that it remains
isolated during agent F’s spin measurement experiment.2 Translated to quantum mechanics, this
assumption means that the dependence of the final state of L on the initial state of S is described
by a linear map of the form
US→L =
{
|↓〉S 7→ |− 12 〉L ≡ |↓〉S ⊗ |“z=− 12 ”〉D ⊗ |“ψS= |↓〉”〉F
|↑〉S 7→ |+ 12 〉L ≡ |↑〉S ⊗ |“z=+ 12 ”〉D ⊗ |“ψS= |↑〉”〉F .
(2)
Here |“z=− 1
2
”〉
D
and |“z=+ 1
2
”〉
D
denote states of D depending on the measurement outcome z
shown by the devices within the lab. Analogously, |“ψS= |↓〉”〉F and |“ψS= |↑〉”〉F are states of F,
which we label by the friend’s own knowledge, cf. (1). Now, suppose that agent W knew that the
spin was initialised to |→〉S ≡
√
1/2(|↓〉S + |↑〉S) before agent F measured it. Then, by linearity, the
final state that agent W would assign to L is
ΨL =
√
1/2
(|− 12 〉L + |+ 12 〉L) , (3)
i.e., a linear superposition of the two macroscopically distinct states defined in (2). To compare
this to agent F’s view (1), one must consider the restriction of (3) to the subsystem S. The latter
is a maximally mixed state, and thus obviously different from agent F’s pure state assignment (1).
But, crucially, the difference can be explained by the two agents’ distinct level of knowledge:
Agent F has observed z and hence knows the final spin direction, whereas agent W is ignorant
about it [5]. Consequently, although the superposition state (3) may appear “absurd” [2], it does
not contradict (1). For this reason, the Wigner’s friend paradox cannot be regarded as an argument
that rules out quantum mechanics as a universally valid theory.
In this work we propose a Gedankenexperiment that extends Wigner’s setup. It consists of
agents who are using quantum theory to reason about other agents who are also using quantum
theory (Section 2.1). Our main finding is that such a self-referential use of the theory yields con-
tradictory claims (Section 2.2). This result can be phrased as a no-go theorem (Section 2.3). It
asserts that three natural-sounding assumptions, (Q), (C), and (S), cannot all be valid. Assump-
tion (Q) captures the universal validity of quantum theory (or, more specifically, that an agent
can be certain that a given proposition holds whenever the quantum-mechanical Born rule assigns
probability 1 to it). Assumption (C) demands consistency, in the sense that the different agents’
predictions are not contradictory. Finally, (S) is the requirement that, from the viewpoint of an
agent who carries out a particular measurement, this measurement has one single outcome. The
theorem itself is neutral in the sense that it does not tell us which of these three assumptions
is wrong. However, it implies that any specific interpretation of quantum theory, when applied
to the Gedankenexperiment, will necessarily conflict with at least one of them (Sections 2.4, 2.5,
and 2.6). This gives a way to test and categorise interpretations of quantum theory.
2One may object that this assumption is unrealistic [3]. Crucially, however, the laws of quantum theory do not
preclude that it be satisfied to arbitrarily good approximation [4].
2
2 Results
2.1 The Gedankenexperiment
In the setup considered by Wigner, agent F carries out her measurement of S in a perfectly isolated
lab L, so that the outcome z remains unknown to anyone else (Fig. 1). The basic idea underlying
the Gedankenexperiment we present here is to make some of the information about z available to
the outside — but without lifting the isolation of L. Roughly, this is achieved by letting the initial
state of S depend on a random value, r, which is known to another agent outside of L.
The box below specifies the proposed Gedankenexperiment as a step-wise procedure. The steps
are to be executed by different agents — four in total. Two of them, the “friends” F and F¯, are
located in separate labs, denoted by L and L¯, respectively. The two other agents, W and W¯, are at
the outside, from where they can apply measurements to L and L¯, as shown in Fig. 2. We assume
that L and L¯ are, from the viewpoint of the agents W and W¯, initially in a pure state, and that they
remain isolated during the experiment unless the protocol explicitly prescribes a communication
step or a measurement applied to them. Note that the experiment can be described within standard
quantum-mechanical formalism, with each step corresponding to a fixed evolution map acting on
particular subsystems (cf. the circuit diagram in Appendix A.1).
Experimental Procedure
The steps are repeated in rounds n = 0, 1, 2, . . . until the halting condition in the last step is satisfied. The
numbers on the left indicate the timing of the steps, and we assume that each step takes at most one unit of
time. (For example, in round n = 0, agent F starts her measurement of S at time 0:10 and completes it before
time 0:11.) Definitions of the relevant state and measurement basis vectors are provided in Tables 1 and 2a.
At n:00 Agent F¯ invokes a randomness generator (based on the measurement of a quantum system R
in state |init〉R as defined in Table 1) that outputs r = heads or r = tails with probabilities
1/3 and 2/3, respectively. She sets the spin S of a particle to |↓〉S if r = heads and to |→〉S ≡√
1/2(|↓〉S + |↑〉S) if r = tails, and sends it to F.
At n:10 Agent F measures S w.r.t. the basis {|↓〉S, |↑〉S}, recording the outcome z ∈ {− 12 ,+ 12}.
At n:20 Agent W¯ measures lab L¯ w.r.t. a basis containing the vector |ok〉L¯ (defined in Table 2a). If the
outcome associated to this vector occurs he announces w¯ = ok and else w¯ = fail.
At n:30 Agent W measures lab L w.r.t. a basis containing the vector |ok〉L (defined in Table 2a). If the
outcome associated to this vector occurs he announces w = ok and else w = fail.
At n:40 If w¯ = ok and w = ok then the experiment is halted.
As indicated by the term Gedankenexperiment, we do not claim that the experiment is tech-
nologically feasible, at least not in the form presented here. Like other thought experiments, its
purpose is not to probe nature, but rather to scrutinise the consistency of our currently best
available theories that describe nature — in this case quantum theory.3
Before proceeding to the analysis of the experiment, a few comments about its relation to earlier
proposals are in order. In the case where r = tails, agent F receives S prepared in state |→〉S. The
first part of the experiment, prior to the measurements carried out by the agents W¯ and W, is
then equivalent to Wigner’s original experiment as described in the introduction [2]. Furthermore,
adding to this the measurement of agent F’s lab by agent W, one retrieves an extension of Wigner’s
experiment proposed by Deutsch [6] (Fig. 1). The particular procedure of how agent F¯ prepares
the spin S in the first step of the experiment, as well as the choice of measurements, is motivated
by a construction due to Hardy [7, 8], known as Hardy’s paradox. The setup considered here is
also similar to a proposal by Brukner [9], who used a modification of Wigner’s argument to obtain
a strengthening of Bell’s theorem [10] (cf. Section 3).
3One may compare this to, say, the Gedankenexperiment of letting an observer cross the event horizon of a black
hole. Although we do not have the technology to carry out this experiment, reasoning about it provides us with
insights on relativity theory.
3
r = tails
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L¯
<latexit sha1_base64="RPyQfqiWPcvC2bhWo/qoHaAR7fk=">AAACD3icbVDLSsNAFL2prxpfUZduBovgqiRudCMW3bhwUcE+oA1lMp20QyeTMDMplBDwF9y71V9w J+7ET/AP/AwnbRdaPTBwOOe+5gQJZ0q77qdVWlpeWV0rr9sbm1vbO87uXlPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bweiq8FtjKhWLxZ2eJNSP8ECwkBGsjdRznG6E9VBGWTfAMrvJ855TcavuFOgv8eakcvFun98DQL3nfHX7MUkjKjThWKmO5ybaz7DUjHCa291U0QSTER7QjqECR1T52fTyHB0ZpY/CWJonNJqqPzsyHCk1iQJTWdypFr 1C/NcTjNBQYrKwX4dnfsZEkmoqyGx9mHKkY1SEg/pMUqL5xBBMJDM/QGSIzRhtIrRNNN5iEH9J86TquVXv1qvULmGGMhzAIRyDB6dQg2uoQwMIjOERnuDZerBerFfrbVZasuY9+/AL1sc349ie/Q==</latexit><latexit sha1_base64="LuPsxqqhCx6f+ZvLV2BLKCKlyLw=">AAACD3icbVC7TsMwFHXKq4RXgJHFokJiqhIWWBAVLAwMRaIPqYkqx3Vaq7YT2U6lKspHsLMh+AU2 xIb4AsQf8Bk4bQdoOZKlo3PuyydMGFXadb+s0tLyyupaed3e2Nza3nF295oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphcOrwm+NiFQ0Fnd6nJCAo76gEcVIG6nrOD5HeiB55odIZjd53nUqbtWdAC4Sb0YqF+/2efL4ade7zrffi3HKidCYIaU6npvoIENSU8xIbvupIgnCQ9QnHUMF4kQF2eTyHB4ZpQejWJonNJyovzsyxJUa89BUFneqea 8Q//UExSSSCM/t19FZkFGRpJoIPF0fpQzqGBbhwB6VBGs2NgRhSc0PIB4gM0abCG0TjTcfxCJpnlQ9t+rdepXaJZiiDA7AITgGHjgFNXAN6qABMBiBB/AEnq1768V6td6mpSVr1rMP/sD6+AH1X6Bx</latexit><latexit sha1_base64="LuPsxqqhCx6f+ZvLV2BLKCKlyLw=">AAACD3icbVC7TsMwFHXKq4RXgJHFokJiqhIWWBAVLAwMRaIPqYkqx3Vaq7YT2U6lKspHsLMh+AU2 xIb4AsQf8Bk4bQdoOZKlo3PuyydMGFXadb+s0tLyyupaed3e2Nza3nF295oqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphcOrwm+NiFQ0Fnd6nJCAo76gEcVIG6nrOD5HeiB55odIZjd53nUqbtWdAC4Sb0YqF+/2efL4ade7zrffi3HKidCYIaU6npvoIENSU8xIbvupIgnCQ9QnHUMF4kQF2eTyHB4ZpQejWJonNJyovzsyxJUa89BUFneqea 8Q//UExSSSCM/t19FZkFGRpJoIPF0fpQzqGBbhwB6VBGs2NgRhSc0PIB4gM0abCG0TjTcfxCJpnlQ9t+rdepXaJZiiDA7AITgGHjgFNXAN6qABMBiBB/AEnq1768V6td6mpSVr1rMP/sD6+AH1X6Bx</latexit><latexit sha1_base64="L7jhzhnUA1k9nNA28inVHV8Jt/I=">AAACD3icbVC7TsMwFHXKq5RXgJHFokJiqhIWGCtYGBiKRB9SU1WOe9NatZ3IdipVUT6CnRV+gQ2x 8gn8AZ+B02aAwpEsHZ1zXz5hwpk2nvfpVNbWNza3qtu1nd29/QP38Kij41RRaNOYx6oXEg2cSWgbZjj0EgVEhBy64fSm8LszUJrF8sHMExgIMpYsYpQYKw1dNxDETJTIgpCo7C7Ph27da3gL4L/EL0kdlWgN3a9gFNNUgDSUE637vpeYQUaUYZRDXgtSDQmhUzKGvqWSCNCDbHF5js+sMsJRrOyTBi/Unx0ZEVrPRWgrizv1qleI/3qSUYgUoS v7TXQ1yJhMUgOSLtdHKccmxkU4eMQUUMPnlhCqmP0BphNixxgbYc1G468G8Zd0Lhq+1/Dv/Xrzugypik7QKTpHPrpETXSLWqiNKJqhJ/SMXpxH59V5c96XpRWn7DlGv+B8fANNAp0w</latexit>
W¯
<latexit sha1_base64="EUPpreuDZjRr2+EyikHSDABZztk=">AAACD3icbVDLSsNAFL2pr1pfUZduBovgqiRudCMW3bisYB/QhDKZTtqhk0mYmRRKCPgL7t3qL7gT d+In+Ad+hpO2C209MHA4577mBAlnSjvOl1VaWV1b3yhvVra2d3b37P2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0U3ht8dUKhaLez1JqB/hgWAhI1gbqWfbXoBl5kVYD2WUtfO8Z1edmjMFWibunFSvPiqXDwDQ6NnfXj8maUSFJhwr1XWdRPsZlpoRTvOKlyqaYDLCA9o1VOCIKj+bXp6jE6P0URhL84RGU/V3R4YjpSZRYCqLE9WiV4 j/eoIRGkpMFvbr8MLPmEhSTQWZrQ9TjnSMinBQn0lKNJ8Ygolk5geIDLEZo02EFRONuxjEMmmd1Vyn5t651fo1zFCGIziGU3DhHOpwCw1oAoExPMEzvFiP1qv1Zr3PSkvWvOcQ/sD6/AH1DJ8I</latexit><latexit sha1_base64="iRDf7Y6EFMwmlmsvSsLtM4mpkTE=">AAACD3icbVDLSsNAFJ34rPEVdelmsAiuSuJGN2LRjcsK9gFtKJPpTTt0Mgkzk0IJ+Qj37kR/wZ24 E79A/AM/w0nbhbYeGDicc19zgoQzpV33y1paXlldWy9t2Jtb2zu7zt5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAbD68JvjkAqFos7PU7Aj0hfsJBRoo3UdZxOQGTWiYgeyChr5nnXKbsVdwK8SLwZKV++2xfJ46dd6zrfnV5M0wiEppwo1fbcRPsZkZpRDrndSRUkhA5JH9qGChKB8rPJ5Tk+NkoPh7E0T2g8UX93ZCRSahwFprI4Uc17hf ivJxiFUBI6t1+H537GRJJqEHS6Pkw51jEuwsE9JoFqPjaEUMnMDzAdEDNGmwhtE403H8QiaZxWPLfi3Xrl6hWaooQO0RE6QR46Q1V0g2qojigaoQf0hJ6te+vFerXepqVL1qznAP2B9fEDBqKgfA==</latexit><latexit sha1_base64="iRDf7Y6EFMwmlmsvSsLtM4mpkTE=">AAACD3icbVDLSsNAFJ34rPEVdelmsAiuSuJGN2LRjcsK9gFtKJPpTTt0Mgkzk0IJ+Qj37kR/wZ24 E79A/AM/w0nbhbYeGDicc19zgoQzpV33y1paXlldWy9t2Jtb2zu7zt5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAbD68JvjkAqFos7PU7Aj0hfsJBRoo3UdZxOQGTWiYgeyChr5nnXKbsVdwK8SLwZKV++2xfJ46dd6zrfnV5M0wiEppwo1fbcRPsZkZpRDrndSRUkhA5JH9qGChKB8rPJ5Tk+NkoPh7E0T2g8UX93ZCRSahwFprI4Uc17hf ivJxiFUBI6t1+H537GRJJqEHS6Pkw51jEuwsE9JoFqPjaEUMnMDzAdEDNGmwhtE403H8QiaZxWPLfi3Xrl6hWaooQO0RE6QR46Q1V0g2qojigaoQf0hJ6te+vFerXepqVL1qznAP2B9fEDBqKgfA==</latexit><latexit sha1_base64="JiU4opbkVgUokUcpOF70hE52esU=">AAACD3icbVC7TsMwFL0pr1JeAUYWiwqJqUpYYKxgYSwSfUhtVDmu01q1nch2KlVRPoKdFX6BDbHy CfwBn4HTZoCWI1k6Oue+fMKEM20878upbGxube9Ud2t7+weHR+7xSUfHqSK0TWIeq16INeVM0rZhhtNeoigWIafdcHpX+N0ZVZrF8tHMExoIPJYsYgQbKw1ddxBilQ0ENhMlsm6eD9261/AWQOvEL0kdSrSG7vdgFJNUUGkIx1r3fS8xQYaVYYTTvDZINU0wmeIx7VsqsaA6yBaX5+jCKiMUxco+adBC/d2RYaH1XIS2sjhRr3qF+K8nGaGRwm Rlv4lugozJJDVUkuX6KOXIxKgIB42YosTwuSWYKGZ/gMgE2zHGRliz0firQayTzlXD9xr+g19v3pYhVeEMzuESfLiGJtxDC9pAYAbP8AKvzpPz5rw7H8vSilP2nMIfOJ8/XjadOw==</latexit>
W
<latexit sha1_base64="RNcBnSB5p/GMPI1xehuBXIR9gwQ=">AAACB3icbVC7TsMwFL0prxJeBUYWiwqJqUpYYEFUsDAWiT5EG1WO67RWbSeyHaQqqsTKzgq/wIZY mfgG/oDPwGk7QMuRLB2dc18+YcKZNp735RSWlldW14rr7sbm1vZOaXevoeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4vMr95j1VmsXy1owSGgjclyxiBBsr3XUENgMlsua4Wyp7FW8CtEj8GSlffLrnDwBQ65a+O72YpIJKQzjWuu17iQkyrAwjnI7dTqppgskQ92nbUokF1UE2uXiMjqzSQ1Gs7JMGTdTfHRkWWo9EaCvzC/W8l4v/epIRGi lM5vab6CzImExSQyWZro9SjkyM8lBQjylKDB9Zgoli9geIDLAdY2x0ro3Gnw9ikTROKr5X8W/8cvUSpijCARzCMfhwClW4hhrUgYCEJ3iGF+fReXXenPdpacGZ9ezDHzgfP23xnBI=</latexit><latexit sha1_base64="p1he+GIzRbIbfu0TeEdCUwCdpws=">AAACB3icbVC7TsMwFL3hWcKrwMhiUSExVQkLLIgKFsYi0Ydoo8pxndaq7US2g1RF/QB2Vlj4ADbE ysQnIP6Az8BpO0DLkSwdnXNfPmHCmTae9+UsLC4tr6wW1tz1jc2t7eLObl3HqSK0RmIeq2aINeVM0pphhtNmoigWIaeNcHCZ+407qjSL5Y0ZJjQQuCdZxAg2VrptC2z6SmSNUadY8sreGGie+FNSOv9wz5LnT7faKX63uzFJBZWGcKx1y/cSE2RYGUY4HbntVNMEkwHu0ZalEguqg2x88QgdWqWLoljZJw0aq787Miy0HorQVuYX6lkvF//1JC M0UpjM7DfRaZAxmaSGSjJZH6UcmRjloaAuU5QYPrQEE8XsDxDpYzvG2OhcG40/G8Q8qR+Xfa/sX/ulygVMUIB9OIAj8OEEKnAFVagBAQkP8AhPzr3z4rw6b5PSBWfaswd/4Lz/AH94nYY=</latexit><latexit sha1_base64="p1he+GIzRbIbfu0TeEdCUwCdpws=">AAACB3icbVC7TsMwFL3hWcKrwMhiUSExVQkLLIgKFsYi0Ydoo8pxndaq7US2g1RF/QB2Vlj4ADbE ysQnIP6Az8BpO0DLkSwdnXNfPmHCmTae9+UsLC4tr6wW1tz1jc2t7eLObl3HqSK0RmIeq2aINeVM0pphhtNmoigWIaeNcHCZ+407qjSL5Y0ZJjQQuCdZxAg2VrptC2z6SmSNUadY8sreGGie+FNSOv9wz5LnT7faKX63uzFJBZWGcKx1y/cSE2RYGUY4HbntVNMEkwHu0ZalEguqg2x88QgdWqWLoljZJw0aq787Miy0HorQVuYX6lkvF//1JC M0UpjM7DfRaZAxmaSGSjJZH6UcmRjloaAuU5QYPrQEE8XsDxDpYzvG2OhcG40/G8Q8qR+Xfa/sX/ulygVMUIB9OIAj8OEEKnAFVagBAQkP8AhPzr3z4rw6b5PSBWfaswd/4Lz/AH94nYY=</latexit><latexit sha1_base64="z3pqHVRcz7+KI4KZmBaJ0IGvOSE=">AAACB3icbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhz3prXqOJHtIFVRP4CdFX6BDbHy GfwBn4HTZoCWI1k6Oue+fIJEcG1c98spra1vbG6Vtys7u3v7B9XDo7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJje533lEpXks7800QT+iI8lDzqix0kM/omasoqwzG1Rrbt2dg6wSryA1KNAcVL/7w5ilEUrDBNW657mJ8TOqDGcCZ5V+qjGhbEJH2LNU0gi1n80vnpEzqwxJGCv7pCFz9XdHRiOtp1FgK/ML9bKXi/96kjMMFWVL+0145W dcJqlByRbrw1QQE5M8FDLkCpkRU0soU9z+gLAxtWOMja5io/GWg1gl7Yu659a9O6/WuC5CKsMJnMI5eHAJDbiFJrSAgYRneIFX58l5c96dj0VpySl6juEPnM8f1wyaRQ==</latexit>
F¯
<latexit sha1_base64="mT3o9z+Ptil13V3wAQnu05dTVko=">AAACD3icbVDL SsNAFL2prxpfUZduBovgqiRudCMWBXFZwT6gDWUynbRDJ5MwMymUEPAX3LvVX3An7sRP8A/8DCdtF1o9MHA4577mBAlnSrvup1VaWl5ZXSuv2xubW9s7zu5eU8WpJLR BYh7LdoAV5UzQhmaa03YiKY4CTlvB6KrwW2MqFYvFnZ4k1I/wQLCQEayN1HOcboT1UEZZN8Ayu87znlNxq+4U6C/x5qRy8W6f3wNAved8dfsxSSMqNOFYqY7nJtrPsN SMcJrb3VTRBJMRHtCOoQJHVPnZ9PIcHRmlj8JYmic0mqo/OzIcKTWJAlNZ3KkWvUL81xOM0FBisrBfh2d+xkSSairIbH2YcqRjVISD+kxSovnEEEwkMz9AZIjNGG0it E003mIQf0nzpOq5Ve/Wq9QuYYYyHMAhHIMHp1CDG6hDAwiM4RGe4Nl6sF6sV+ttVlqy5j378AvWxzfaMJ73</latexit><latexit sha1_base64="w8SNg0RAnXP/E2bT8iD0cs5ndRg=">AAACD3icbVDL SgMxFM3UVx1foy7dBIvgqsy40Y1YFMRlBfuAzlAyaaYNTTJDkimUYT7CvTvRX3An7sQvEP/AzzDTdqGtBwKHc+4rJ0wYVdp1v6zS0vLK6lp53d7Y3NrecXb3mipOJSY NHLNYtkOkCKOCNDTVjLQTSRAPGWmFw6vCb42IVDQWd3qckICjvqARxUgbqes4Pkd6IHnmh0hm13nedSpu1Z0ALhJvRioX7/Z58vhp17vOt9+LccqJ0JghpTqem+ggQ1 JTzEhu+6kiCcJD1CcdQwXiRAXZ5PIcHhmlB6NYmic0nKi/OzLElRrz0FQWd6p5rxD/9QTFJJIIz+3X0VmQUZGkmgg8XR+lDOoYFuHAHpUEazY2BGFJzQ8gHiAzRpsIb RONNx/EImmeVD236t16ldolmKIMDsAhOAYeOAU1cAPqoAEwGIEH8ASerXvrxXq13qalJWvWsw/+wPr4Aeu3oGs=</latexit><latexit sha1_base64="w8SNg0RAnXP/E2bT8iD0cs5ndRg=">AAACD3icbVDL SgMxFM3UVx1foy7dBIvgqsy40Y1YFMRlBfuAzlAyaaYNTTJDkimUYT7CvTvRX3An7sQvEP/AzzDTdqGtBwKHc+4rJ0wYVdp1v6zS0vLK6lp53d7Y3NrecXb3mipOJSY NHLNYtkOkCKOCNDTVjLQTSRAPGWmFw6vCb42IVDQWd3qckICjvqARxUgbqes4Pkd6IHnmh0hm13nedSpu1Z0ALhJvRioX7/Z58vhp17vOt9+LccqJ0JghpTqem+ggQ1 JTzEhu+6kiCcJD1CcdQwXiRAXZ5PIcHhmlB6NYmic0nKi/OzLElRrz0FQWd6p5rxD/9QTFJJIIz+3X0VmQUZGkmgg8XR+lDOoYFuHAHpUEazY2BGFJzQ8gHiAzRpsIb RONNx/EImmeVD236t16ldolmKIMDsAhOAYeOAU1cAPqoAEwGIEH8ASerXvrxXq13qalJWvWsw/+wPr4Aeu3oGs=</latexit><latexit sha1_base64="UbEmFPeqXOC/wZnU6HVq8vg72Zg=">AAACD3icbVDL SgMxFM3UV62vUZdugkVwVWbc6LIoiMsK9gGdUjLpnTY0yQxJplCG+Qj3bvUX3IlbP8E/8DPMtLPQ6oHA4Zz7ygkTzrTxvE+nsra+sblV3a7t7O7tH7iHRx0dp4pCm8Y 8Vr2QaOBMQtsww6GXKCAi5NANpzeF352B0iyWD2aewECQsWQRo8RYaei6gSBmokQWhERlt3k+dOtew1sA/yV+SeqoRGvofgWjmKYCpKGcaN33vcQMMqIMoxzyWpBqSA idkjH0LZVEgB5ki8tzfGaVEY5iZZ80eKH+7MiI0HouQltZ3KlXvUL815OMQqQIXdlvoqtBxmSSGpB0uT5KOTYxLsLBI6aAGj63hFDF7A8wnRA7xtgIazYafzWIv6Rz0 fC9hn/v15vXZUhVdIJO0Tny0SVqojvUQm1E0Qw9oWf04jw6r86b874srThlzzH6BefjG0NanSo=</latexit>
F
<latexit sha1_base64="x8I2Jd79wrFGq38ugKOtBCIVjGY=">AAACB3icbVDLSgMxFL1TX3V8VV26CRbBVZlxoxuxKIjLCvaB7VAyaaYNTTJDkhHKUHDr3q3+gjtx 68pv8A/8DDNtF1o9EDicc185YcKZNp736RQWFpeWV4qr7tr6xuZWaXunoeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4vMj95h1VmsXyxowSGgjclyxiBBsr3XYENgMlsstxt1T2Kt4E6C/xZ6R89uGe3gNArVv66vRikgoqDeFY67bvJSbIsDKMcDp2O6mmCSZD3KdtSyUWVAfZ5OIxOrBKD0Wxsk8aNFF/dmRYaD0Soa3ML9TzXi7+60lGaK QwmdtvopMgYzJJDZVkuj5KOTIxykNBPaYoMXxkCSaK2R8gMsB2jLHRuTYafz6Iv6RxVPG9in/tl6vnMEUR9mAfDsGHY6jCFdSgDgQkPMITPDsPzovz6rxNSwvOrGcXfsF5/wZSppwB</latexit><latexit sha1_base64="FxgbQ6ljsCpn4YFSNzWCGYnw2d4=">AAACB3icbVDLSgMxFM3UVx1fVZdugkVwVWbc6EYsCuKygn1gW0omvdOGJpkhyQhl6Ae4d6sbP8Cd uHXlJ4h/4GeYabvQ1gOBwzn3lRPEnGnjeV9ObmFxaXklv+qurW9sbhW2d2o6ShSFKo14pBoB0cCZhKphhkMjVkBEwKEeDC4yv34HSrNI3phhDG1BepKFjBJjpduWIKavRHo56hSKXskbA88Tf0qKZx/uafz86VY6he9WN6KJAGkoJ1o3fS827ZQowyiHkdtKNMSEDkgPmpZKIkC30/HFI3xglS4OI2WfNHis/u5IidB6KAJbmV2oZ71M/NeTjE KoCJ3Zb8KTdspknBiQdLI+TDg2Ec5CwV2mgBo+tIRQxewPMO0TO8bY6FwbjT8bxDypHZV8r+Rf+8XyOZogj/bQPjpEPjpGZXSFKqiKKJLoAT2iJ+feeXFenbdJac6Z9uyiP3DefwBkLZ11</latexit><latexit sha1_base64="FxgbQ6ljsCpn4YFSNzWCGYnw2d4=">AAACB3icbVDLSgMxFM3UVx1fVZdugkVwVWbc6EYsCuKygn1gW0omvdOGJpkhyQhl6Ae4d6sbP8Cd uHXlJ4h/4GeYabvQ1gOBwzn3lRPEnGnjeV9ObmFxaXklv+qurW9sbhW2d2o6ShSFKo14pBoB0cCZhKphhkMjVkBEwKEeDC4yv34HSrNI3phhDG1BepKFjBJjpduWIKavRHo56hSKXskbA88Tf0qKZx/uafz86VY6he9WN6KJAGkoJ1o3fS827ZQowyiHkdtKNMSEDkgPmpZKIkC30/HFI3xglS4OI2WfNHis/u5IidB6KAJbmV2oZ71M/NeTjE KoCJ3Zb8KTdspknBiQdLI+TDg2Ec5CwV2mgBo+tIRQxewPMO0TO8bY6FwbjT8bxDypHZV8r+Rf+8XyOZogj/bQPjpEPjpGZXSFKqiKKJLoAT2iJ+feeXFenbdJac6Z9uyiP3DefwBkLZ11</latexit><latexit sha1_base64="AXcolFrLbvMeX07a+xnahMUQqUI=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiRudFkUxGUF24ptKJPpTTt0MgkzE6GEfoB7t/oL7sSt n+Ef+BlO2iy09cDA4Zz7mhMkgmvjul9OaWV1bX2jvFnZ2t7Z3avuH7R1nCqGLRaLWN0HVKPgEluGG4H3iUIaBQI7wfgq9zuPqDSP5Z2ZJOhHdCh5yBk1VnroRdSMVJRdT/vVmlt3ZyDLxCtIDQo0+9Xv3iBmaYTSMEG17npuYvyMKsOZwGmll2pMKBvTIXYtlTRC7Wezi6fkxCoDEsbKPmnITP3dkdFI60kU2Mr8Qr3o5eK/nuQMQ0XZwn4TXv gZl0lqULL5+jAVxMQkD4UMuEJmxMQSyhS3PyBsRO0YY6Or2Gi8xSCWSfus7rl179arNS6LkMpwBMdwCh6cQwNuoAktYCDhGV7g1Xly3px352NeWnKKnkP4A+fzB7vBmjQ=</latexit>
w¯ = ok
<latexit sha1_base64="wwQsQWwR+GHS2U+9q9T1nk18iN4=">AAACbHicbVFNaxRBEK2Z+BHXj2zUWxAaF8WLy0wu5mAw4MVjBDcJZJalprcn22x/DN01kaWZoz/M 3+DJfyAI3r3Zs5NDsrGg4fHeq6ru12WtpKcs+5mkW3fu3ru//WDw8NHjJzvD3acn3jaOiwm3yrqzEr1Q0ogJSVLirHYCdanEabn82Omnl8J5ac0XWtViqvHCyEpypEjNhroo0YWv7WEIhV4KZ/bHB7opbOzpRoaidpYEp+KyXqAhqwO1vfFt7/Qa/SL2Ii2cDnbZ3pDba0PbdjAbjrJxti52G+RXYPTh++9vDACOZ8NfxdzyRgtDXKH353lW0z SgI8mVaAdF40WNfIkX4jxCg1r4aVjH0rJXkZmzyrp4DLE1e70joPZ+pcvo7K7vN7WO/K9mJBeVQ76xn6qDaZCmbkgY3q+vGsXIsi55NpcuBqlWESB3Mr6A8QXGMRT/p4sm3wziNjjZH+fZOP+cj47eQ1/bsAcv4Q3k8A6O4BMcwwQ4/IC/SZpsJX/S5+le+qK3pslVzzO4Uenrf8NQwX4=</latexit><latexit sha1_base64="Di+F2ikHmKMU1hb1EIVg3vQyjeg=">AAACbHicbVFNaxRBEO2Z+BHXj2zUW4gMLooXl5lczEEx4MVjAtkkkFmWmt6abLP9MXTXJCzNHP1P Xv0NnvwHgYh3b/bs5JBsLGh4vPeqqvt1UUnhKE1/RfHavfsPHq4/6j1+8vTZRn/z+ZEzteU44kYae1KAQyk0jkiQxJPKIqhC4nEx/9Lqx+donTD6kBYVjhWcaVEKDhSoSV/lBVh/0XzyPldztHpnuKvq3ISedqTPK2sIOeXn1Qw0GeWp6YzvO6dT4GahF2hmlTfz5pbc3BjaNL1Jf5AO02Uld0F2DQaff1x9e/X94Pf+pH+ZTw2vFWriEpw7zd KKxh4sCS6x6eW1wwr4HM7wNEANCt3YL2NpkjeBmSalseFoSpbszQ4PyrmFKoKzvb5b1Vryv5oWHEsLfGU/lbtjL3RVE2rerS9rmZBJ2uSTqbAhSLkIALgV4QUJn0EYQ+F/2miy1SDugqOdYZYOs4NssPeRdbXOtthr9o5l7APbY1/ZPhsxzn6yv1EcrUV/4pfxVrzdWePouucFu1Xx23+IycNx</latexit><latexit sha1_base64="Di+F2ikHmKMU1hb1EIVg3vQyjeg=">AAACbHicbVFNaxRBEO2Z+BHXj2zUW4gMLooXl5lczEEx4MVjAtkkkFmWmt6abLP9MXTXJCzNHP1P Xv0NnvwHgYh3b/bs5JBsLGh4vPeqqvt1UUnhKE1/RfHavfsPHq4/6j1+8vTZRn/z+ZEzteU44kYae1KAQyk0jkiQxJPKIqhC4nEx/9Lqx+donTD6kBYVjhWcaVEKDhSoSV/lBVh/0XzyPldztHpnuKvq3ISedqTPK2sIOeXn1Qw0GeWp6YzvO6dT4GahF2hmlTfz5pbc3BjaNL1Jf5AO02Uld0F2DQaff1x9e/X94Pf+pH+ZTw2vFWriEpw7zd KKxh4sCS6x6eW1wwr4HM7wNEANCt3YL2NpkjeBmSalseFoSpbszQ4PyrmFKoKzvb5b1Vryv5oWHEsLfGU/lbtjL3RVE2rerS9rmZBJ2uSTqbAhSLkIALgV4QUJn0EYQ+F/2miy1SDugqOdYZYOs4NssPeRdbXOtthr9o5l7APbY1/ZPhsxzn6yv1EcrUV/4pfxVrzdWePouucFu1Xx23+IycNx</latexit><latexit sha1_base64="4NeNA7h0Ft87Ic1cOzsYGWwsvvo=">AAACbHicbVFNT9tAEF07paUpLaH0hpCsRkVcGtlcyoFKkXrhSKUGkHAUjTdjssp+WLtjULTyr+TU f9BT7711neQAgZFWenrvzczu26KSwlGa/o7izqut12+233bf7bz/sNvb+3jpTG05jriRxl4X4FAKjSMSJPG6sgiqkHhVzH+0+tUdWieM/kWLCscKbrUoBQcK1KSn8gKsv2++e5+rOVp9MjhVdW5CTzvS55U1hJzyu2oGmozy1KyMX1dOp8DNQi/QzCpv5s0TuXk0tGm6k14/HaTLSp6DbA36bF0Xk96ffGp4rVATl+DcTZZWNPZgSXCJTTevHV bA53CLNwFqUOjGfhlLk3wJzDQpjQ1HU7JkH3d4UM4tVBGc7fXdptaSL2pacCwt8I39VJ6OvdBVTaj5an1Zy4RM0iafTIUNQcpFAMCtCC9I+AzCGAr/00aTbQbxHFyeDLJ0kP3M+sOzdUjb7IB9ZscsY9/YkJ2zCzZinD2wf1EcdaK/8af4ID5cWeNo3bPPnlR89B8Tqb7u</latexit>
w = ok
<latexit sha1_base64="kamY2cjvZb9ReC5tCIE37+IeXK8=">AAACDnicbVDLSgMxFL1TX7U+OurSTbAIrsqMG10oFty4rGAf0JaSSTNtaCYZkoxShi7du3erv+BO xJ2/4B8I/oSZtgttPRA4nHNfOUHMmTae9+nklpZXVtfy64WNza3toruzW9cyUYTWiORSNQOsKWeC1gwznDZjRXEUcNoIhpeZ37ilSjMpbswopp0I9wULGcHGSl23eIfOUTvCZqCiVA7HXbfklb0J0CLxZ6R08f59jwCg2nW/2j1JkogKQzjWuuV7semkWBlGOB0X2ommMSZD3KctSwWOqO6kk8PH6NAqPRRKZZ8waKL+7khxpPUoCmxldqKe9z LxX08wQkOFydx+E552UibixFBBpuvDhCMjUZYN6jFFieEjSzBRzP4AkQG2Y4xNsGCj8eeDWCT147Lvlf1rv1Q5gynysA8HcAQ+nEAFrqAKNSCQwCM8wbPz4Lw4r87btDTnzHr24A+cjx8iJZ6p</latexit><latexit sha1_base64="Dfq6iTzXZhde6iJPe2zGdIq4Pco=">AAACDnicbVC7SgNBFJ2NrxgfWbUUZDAIVmHXRgvFgI1lAuYBSQizk9lkyDyWmVklLCnt7W31F8RG xM5f8A8E/QhnkxSaeGDgcM59zQkiRrXxvA8ns7C4tLySXc2trW9s5t2t7ZqWscKkiiWTqhEgTRgVpGqoYaQRKYJ4wEg9GFykfv2aKE2luDLDiLQ56gkaUoyMlTpu/gaewRZHpq94Igejjlvwit4YcJ74U1I4f/u63XuufJc77merK3HMiTCYIa2bvheZdoKUoZiRUa4VaxIhPEA90rRUIE50OxkfPoIHVunCUCr7hIFj9XdHgrjWQx7YyvREPe ul4r+eoJiECuGZ/SY8aSdURLEhAk/WhzGDRsI0G9ilimDDhpYgrKj9AcR9ZMcYm2DORuPPBjFPakdF3yv6Fb9QOgUTZMEu2AeHwAfHoAQuQRlUAQYxuAcP4NG5c56cF+d1Uppxpj074A+c9x/nj6Cc</latexit><latexit sha1_base64="Dfq6iTzXZhde6iJPe2zGdIq4Pco=">AAACDnicbVC7SgNBFJ2NrxgfWbUUZDAIVmHXRgvFgI1lAuYBSQizk9lkyDyWmVklLCnt7W31F8RG xM5f8A8E/QhnkxSaeGDgcM59zQkiRrXxvA8ns7C4tLySXc2trW9s5t2t7ZqWscKkiiWTqhEgTRgVpGqoYaQRKYJ4wEg9GFykfv2aKE2luDLDiLQ56gkaUoyMlTpu/gaewRZHpq94Igejjlvwit4YcJ74U1I4f/u63XuufJc77merK3HMiTCYIa2bvheZdoKUoZiRUa4VaxIhPEA90rRUIE50OxkfPoIHVunCUCr7hIFj9XdHgrjWQx7YyvREPe ul4r+eoJiECuGZ/SY8aSdURLEhAk/WhzGDRsI0G9ilimDDhpYgrKj9AcR9ZMcYm2DORuPPBjFPakdF3yv6Fb9QOgUTZMEu2AeHwAfHoAQuQRlUAQYxuAcP4NG5c56cF+d1Uppxpj074A+c9x/nj6Cc</latexit><latexit sha1_base64="hkXs2M9+E0TYm36SCFRDix+4n0Q=">AAACDnicbVDLSgMxFM3UV62Pjrp0EyyCqzLjRhcKBTcuK9gHtEPJpHfa0EwyJBmlDP0H9271F9yJ W3/BP/AzzLSz0NYDgcM595UTJpxp43lfTmltfWNzq7xd2dnd26+6B4dtLVNFoUUll6obEg2cCWgZZjh0EwUkDjl0wslN7nceQGkmxb2ZJhDEZCRYxCgxVhq41Ud8jfsxMWMVZ3IyG7g1r+7NgVeJX5AaKtAcuN/9oaRpDMJQTrTu+V5igowowyiHWaWfakgInZAR9CwVJAYdZPPDZ/jUKkMcSWWfMHiu/u7ISKz1NA5tZX6iXvZy8V9PMAqRIn Rpv4kug4yJJDUg6GJ9lHJsJM6zwUOmgBo+tYRQxewPMB0TO8bYBCs2Gn85iFXSPq/7Xt2/82uNqyKkMjpGJ+gM+egCNdAtaqIWoihFz+gFvTpPzpvz7nwsSktO0XOE/sD5/AFyb5wZ</latexit>
n:00
<latexit sha1_base64="+PhlQ2tDQFaYG+0L5vFT8H0PtYo=">AAACCnicbVA9 SwNBEJ3z2/gVtbRZjIJVuLNRRDBgY6lgEsEcsreZ08W9vXN3TgxHSjt7W/0LdmIl+Cf8B4J/wk1iodEHA4/3ZnZ2XpQpacn3372R0bHxicmp6dLM7Nz8QnlxqWHT3Ai si1Sl5iTiFpXUWCdJCk8ygzyJFDajy/2e37xGY2Wqj6mTYZjwcy1jKTg5KWwR3lCxptd2fL97Vq74Vb8P9pcE36Sy9/p5ywDg8Kz80WqnIk9Qk1Dc2tPAzygsuCEpFH ZLrdxixsUlP8dTRzVP0IZF/9Ndtu6UNotT40oT66s/JwqeWNtJIteZcLqww15P/NfTUmBsuBjaT/F2WEid5YRaDNbHuWKUsl4urC0NClIdR7gw0l3AxAV3z5BLr+SiC YaD+Esam9XArwZHQaW2CwNMwQqswgYEsAU1OIBDqIOAK7iHB3j07rwn79l7GbSOeN8zy/AL3tsXU+edIg==</latexit><latexit sha1_base64="WxlEnRljqowfd1v3UCuWWwk4Np4=">AAACCnicbVA9 SwNBEN2LXzF+RS0FOUwEq3Bno4hgwMZSwSRCcoS9zVyyZG/v3J0Tw5HSzt5W/4KVYiX4J/wHgv4IN4mFJj4YeLw3s7Pz/FhwjY7zbmWmpmdm57LzuYXFpeWV/OpaVUe JYlBhkYjUhU81CC6hghwFXMQKaOgLqPnd44FfuwKleSTPsReDF9K25AFnFI3kNRCuMS3K4oHj9Jv5glNyhrAniftDCkevnzebT2dfp838R6MVsSQEiUxQreuuE6OXUo WcCejnGomGmLIubUPdUElD0F46/HTf3jZKyw4iZUqiPVR/T6Q01LoX+qYzpNjR495A/NeTnEGgKBvbj8G+l3IZJwiSjdYHibAxsge52C2ugKHoGUKZ4uYCm3WoeQZNe jkTjTsexCSp7pZcp+SeuYXyIRkhSzbIFtkhLtkjZXJCTkmFMHJJ7sg9ebBurUfr2XoZtWasn5l18gfW2zcZYJ8V</latexit><latexit sha1_base64="WxlEnRljqowfd1v3UCuWWwk4Np4=">AAACCnicbVA9 SwNBEN2LXzF+RS0FOUwEq3Bno4hgwMZSwSRCcoS9zVyyZG/v3J0Tw5HSzt5W/4KVYiX4J/wHgv4IN4mFJj4YeLw3s7Pz/FhwjY7zbmWmpmdm57LzuYXFpeWV/OpaVUe JYlBhkYjUhU81CC6hghwFXMQKaOgLqPnd44FfuwKleSTPsReDF9K25AFnFI3kNRCuMS3K4oHj9Jv5glNyhrAniftDCkevnzebT2dfp838R6MVsSQEiUxQreuuE6OXUo WcCejnGomGmLIubUPdUElD0F46/HTf3jZKyw4iZUqiPVR/T6Q01LoX+qYzpNjR495A/NeTnEGgKBvbj8G+l3IZJwiSjdYHibAxsge52C2ugKHoGUKZ4uYCm3WoeQZNe jkTjTsexCSp7pZcp+SeuYXyIRkhSzbIFtkhLtkjZXJCTkmFMHJJ7sg9ebBurUfr2XoZtWasn5l18gfW2zcZYJ8V</latexit><latexit sha1_base64="JXCL89zrPBqXZL1u6LEhMiQUEtk=">AAACCnicbVC7 TgMxEPSFVwivACWNRYJEFd3RgBBFJBrKIJGHlJwin7OXWPH5DnsPEZ3yB/S08At0iJaf4A/4DJxHAQkjrTSa2fV6J0ikMOi6X05uZXVtfSO/Wdja3tndK+4fNEycag5 1HstYtwJmQAoFdRQooZVoYFEgoRkMryd+8wG0EbG6w1ECfsT6SoSCM7SS30F4xKysypeuO+4WS27FnYIuE29OSmSOWrf43enFPI1AIZfMmLbnJuhnTKPgEsaFTmogYX zI+tC2VLEIjJ9NPz2mJ1bp0TDWthTSqfp7ImORMaMosJ0Rw4FZ9Cbiv54SHELN+MJ+DC/8TKgkRVB8tj5MJcWYTnKhPaGBoxxZwrgW9gLKB8w+gza9go3GWwximTTOK p5b8W69UvVqHlKeHJFjcko8ck6q5IbUSJ1wck+eyQt5dZ6cN+fd+Zi15pz5zCH5A+fzB6QxmpI=</latexit>
n:10
<latexit sha1_base64="ezhlnlIBoFUOENS6hnIRtjhRmz0=">AAACCnicbVA9 SwNBEJ3z2/gVtbRZjIJVuLNRRDBgY6lgEsEcsreZ08W9vXN3TgxHSjt7W/0LdmIl+Cf8B4J/wk1iodEHA4/3ZnZ2XpQpacn3372R0bHxicmp6dLM7Nz8QnlxqWHT3Ai si1Sl5iTiFpXUWCdJCk8ygzyJFDajy/2e37xGY2Wqj6mTYZjwcy1jKTg5KWwR3lCxptd2Ar97Vq74Vb8P9pcE36Sy9/p5ywDg8Kz80WqnIk9Qk1Dc2tPAzygsuCEpFH ZLrdxixsUlP8dTRzVP0IZF/9Ndtu6UNotT40oT66s/JwqeWNtJIteZcLqww15P/NfTUmBsuBjaT/F2WEid5YRaDNbHuWKUsl4urC0NClIdR7gw0l3AxAV3z5BLr+SiC YaD+Esam9XArwZHQaW2CwNMwQqswgYEsAU1OIBDqIOAK7iHB3j07rwn79l7GbSOeN8zy/AL3tsXVYOdIw==</latexit><latexit sha1_base64="53cJ14gBEPvXPCATijH0WRnN0Gs=">AAACCnicbVA9 SwNBEN2LXzF+RS0FOUwEq3Bno4hgwMZSwSRCcoS9zVyyZG/v3J0Tw5HSzt5W/4KVYiX4J/wHgv4IN4mFJj4YeLw3s7Pz/FhwjY7zbmWmpmdm57LzuYXFpeWV/OpaVUe JYlBhkYjUhU81CC6hghwFXMQKaOgLqPnd44FfuwKleSTPsReDF9K25AFnFI3kNRCuMS3K4oHr9Jv5glNyhrAniftDCkevnzebT2dfp838R6MVsSQEiUxQreuuE6OXUo WcCejnGomGmLIubUPdUElD0F46/HTf3jZKyw4iZUqiPVR/T6Q01LoX+qYzpNjR495A/NeTnEGgKBvbj8G+l3IZJwiSjdYHibAxsge52C2ugKHoGUKZ4uYCm3WoeQZNe jkTjTsexCSp7pZcp+SeuYXyIRkhSzbIFtkhLtkjZXJCTkmFMHJJ7sg9ebBurUfr2XoZtWasn5l18gfW2zca/J8W</latexit><latexit sha1_base64="53cJ14gBEPvXPCATijH0WRnN0Gs=">AAACCnicbVA9 SwNBEN2LXzF+RS0FOUwEq3Bno4hgwMZSwSRCcoS9zVyyZG/v3J0Tw5HSzt5W/4KVYiX4J/wHgv4IN4mFJj4YeLw3s7Pz/FhwjY7zbmWmpmdm57LzuYXFpeWV/OpaVUe JYlBhkYjUhU81CC6hghwFXMQKaOgLqPnd44FfuwKleSTPsReDF9K25AFnFI3kNRCuMS3K4oHr9Jv5glNyhrAniftDCkevnzebT2dfp838R6MVsSQEiUxQreuuE6OXUo WcCejnGomGmLIubUPdUElD0F46/HTf3jZKyw4iZUqiPVR/T6Q01LoX+qYzpNjR495A/NeTnEGgKBvbj8G+l3IZJwiSjdYHibAxsge52C2ugKHoGUKZ4uYCm3WoeQZNe jkTjTsexCSp7pZcp+SeuYXyIRkhSzbIFtkhLtkjZXJCTkmFMHJJ7sg9ebBurUfr2XoZtWasn5l18gfW2zca/J8W</latexit><latexit sha1_base64="7frsPri6LJMwEucSywvc7SQvXVA=">AAACCnicbVC7 TgMxEPSFVwivACXNiQSJKjrTgBBFJBrKIJGHlJwin7OXWPH5DnsPEZ3yB/S08At0iJaf4A/4DJxHAQkjrTSa2fV6J0ikMOh5X05uZXVtfSO/Wdja3tndK+4fNEycag5 1HstYtwJmQAoFdRQooZVoYFEgoRkMryd+8wG0EbG6w1ECfsT6SoSCM7SS30F4xKysypfUG3eLJa/iTeEuEzonJTJHrVv87vRinkagkEtmTJt6CfoZ0yi4hHGhkxpIGB +yPrQtVSwC42fTT4/dE6v03DDWthS6U/X3RMYiY0ZRYDsjhgOz6E3Efz0lOISa8YX9GF74mVBJiqD4bH2YShdjd5KL2xMaOMqRJYxrYS9w+YDZZ9CmV7DR0MUglknjr EK9Cr2lperVPKQ8OSLH5JRQck6q5IbUSJ1wck+eyQt5dZ6cN+fd+Zi15pz5zCH5A+fzB6XNmpM=</latexit>
n:20
<latexit sha1_base64="P/uIFW2m3GGBotktAX9J+M5XJcM=">AAACCnicbVA9SwNBEJ3z2/gVtbRZjIJVuLNRRDBgY6lgEsEcsreZ08W9vXN3TgxHSjt7W/0LdmIl +Cf8B4J/wk1iodEHA4/3ZnZ2XpQpacn3372R0bHxicmp6dLM7Nz8QnlxqWHT3Aisi1Sl5iTiFpXUWCdJCk8ygzyJFDajy/2e37xGY2Wqj6mTYZjwcy1jKTg5KWwR3lCxptd2Nv3uWbniV/0+2F8SfJPK3uvnLQOAw7PyR6udijxBTUJxa08DP6Ow4IakUNgttXKLGReX/BxPHdU8QRsW/U932bpT2ixOjStNrK/+nCh4Ym0niVxnwunCDns98V 9PS4Gx4WJoP8XbYSF1lhNqMVgf54pRynq5sLY0KEh1HOHCSHcBExfcPUMuvZKLJhgO4i9pbFYDvxocBZXaLgwwBSuwChsQwBbU4AAOoQ4CruAeHuDRu/OevGfvZdA64n3PLMMveG9fVx+dJA==</latexit><latexit sha1_base64="mAn5UUIonCMh0+Dk29So/cpYIMY=">AAACCnicbVA9SwNBEN3z2/gVtRRkMQpW4S6NIoIBG0sFYwLmCHubObNkb+/cnRPDkdLO3lb/gpVi Jfgn/AeC/gg3iYUmPhh4vDezs/OCRAqDrvvujI1PTE5Nz8zm5uYXFpfyyytnJk41hwqPZaxrATMghYIKCpRQSzSwKJBQDdqHPb96BdqIWJ1iJwE/YhdKhIIztJJfR7jGbFNt7pXcbiNfcItuH3SUeD+kcPD6ebP+dPJ13Mh/1JsxTyNQyCUz5txzE/QzplFwCd1cPTWQMN5mF3BuqWIRGD/rf7pLt6zSpGGsbSmkffX3RMYiYzpRYDsjhi0z7P XEfz0lOISa8aH9GO76mVBJiqD4YH2YSoox7eVCm0IDR9mxhHEt7AWUt5h9Bm16ORuNNxzEKDkrFT236J14hfI+GWCGrJENsk08skPK5Igckwrh5JLckXvy4Nw6j86z8zJoHXN+ZlbJHzhv3xyYnxc=</latexit><latexit sha1_base64="mAn5UUIonCMh0+Dk29So/cpYIMY=">AAACCnicbVA9SwNBEN3z2/gVtRRkMQpW4S6NIoIBG0sFYwLmCHubObNkb+/cnRPDkdLO3lb/gpVi Jfgn/AeC/gg3iYUmPhh4vDezs/OCRAqDrvvujI1PTE5Nz8zm5uYXFpfyyytnJk41hwqPZaxrATMghYIKCpRQSzSwKJBQDdqHPb96BdqIWJ1iJwE/YhdKhIIztJJfR7jGbFNt7pXcbiNfcItuH3SUeD+kcPD6ebP+dPJ13Mh/1JsxTyNQyCUz5txzE/QzplFwCd1cPTWQMN5mF3BuqWIRGD/rf7pLt6zSpGGsbSmkffX3RMYiYzpRYDsjhi0z7P XEfz0lOISa8aH9GO76mVBJiqD4YH2YSoox7eVCm0IDR9mxhHEt7AWUt5h9Bm16ORuNNxzEKDkrFT236J14hfI+GWCGrJENsk08skPK5Igckwrh5JLckXvy4Nw6j86z8zJoHXN+ZlbJHzhv3xyYnxc=</latexit><latexit sha1_base64="AdGzIbrPrF3qdlHisJy3WcbzsaE=">AAACCnicbVC7TgMxEPTxDOEVoKSxSJCoors0IEQRiYYySOQhJafI5+wlVny+w95DRKf8AT0t/AId ouUn+AM+A+dRQMJIK41mdr3eCRIpDLrul7Oyura+sZnbym/v7O7tFw4OGyZONYc6j2WsWwEzIIWCOgqU0Eo0sCiQ0AyG1xO/+QDaiFjd4SgBP2J9JULBGVrJ7yA8YlZSpcuKO+4Wim7ZnYIuE29OimSOWrfw3enFPI1AIZfMmLbnJuhnTKPgEsb5TmogYXzI+tC2VLEIjJ9NPz2mp1bp0TDWthTSqfp7ImORMaMosJ0Rw4FZ9Cbiv54SHELN+M J+DC/8TKgkRVB8tj5MJcWYTnKhPaGBoxxZwrgW9gLKB8w+gza9vI3GWwximTQqZc8te7desXo1DylHjskJOSMeOSdVckNqpE44uSfP5IW8Ok/Om/PufMxaV5z5zBH5A+fzB6dpmpQ=</latexit>
n:30
<latexit sha1_base64="BYm8tC5NEpQ3tZkyA5BRIiQ2Lq8=">AAACCnicbVA9SwNBEJ3z2/gVtbRZjIJVuNNCEUHBxjKCiYI5ZG8zp4t7e+funBiOlHb2tvoX7MRK 8E/4DwT/hJvEQqMPBh7vzezsvChT0pLvv3tDwyOjY+MTk6Wp6ZnZufL8QsOmuRFYF6lKzUnELSqpsU6SFJ5kBnkSKTyOLve7/vE1GitTfUTtDMOEn2sZS8HJSWGT8IaKFb2yveF3zsoVv+r3wP6S4JtUdl8/bxkA1M7KH81WKvIENQnFrT0N/IzCghuSQmGn1MwtZlxc8nM8dVTzBG1Y9D7dYatOabE4Na40sZ76c6LgibXtJHKdCacLO+h1xX 89LQXGhouB/RRvhYXUWU6oRX99nCtGKevmwlrSoCDVdoQLI90FTFxw9wy59EoummAwiL+ksV4N/GpwGFT2dqCPCViCZViDADZhDw6gBnUQcAX38ACP3p335D17L/3WIe97ZhF+wXv7Ali7nSU=</latexit><latexit sha1_base64="ii4Pl6WBOfnbWJrG/4A/YDLIE1k=">AAACCnicbVDLSgNBEJz1GeMr6lGQxUTwFHb1oIhgwIvHBMwDzBJmJ71xcHZ2nekVw5KjN+9e9Rc8 KZ4Ef8I/EPQjnCQeNLGgoajqnp4uPxZco+O8WxOTU9Mzs5m57PzC4tJybmW1pqNEMaiySESq4VMNgkuoIkcBjVgBDX0Bdf/iuO/Xr0BpHslT7MbghbQjecAZRSN5TYRrTAuycLDr9Fq5vFN0BrDHiftD8kevnzcbT5Wvciv30WxHLAlBIhNU6zPXidFLqULOBPSyzURDTNkF7cCZoZKGoL108OmevWWUth1EypREe6D+nkhpqHU39E1nSPFcj3 p98V9PcgaBomxkPwb7XsplnCBINlwfJMLGyO7nYre5AoaiawhlipsLbHZOzTNo0suaaNzRIMZJbafoOkW34uZLh2SIDFknm2SbuGSPlMgJKZMqYeSS3JF78mDdWo/Ws/UybJ2wfmbWyB9Yb98eNJ8Y</latexit><latexit sha1_base64="ii4Pl6WBOfnbWJrG/4A/YDLIE1k=">AAACCnicbVDLSgNBEJz1GeMr6lGQxUTwFHb1oIhgwIvHBMwDzBJmJ71xcHZ2nekVw5KjN+9e9Rc8 KZ4Ef8I/EPQjnCQeNLGgoajqnp4uPxZco+O8WxOTU9Mzs5m57PzC4tJybmW1pqNEMaiySESq4VMNgkuoIkcBjVgBDX0Bdf/iuO/Xr0BpHslT7MbghbQjecAZRSN5TYRrTAuycLDr9Fq5vFN0BrDHiftD8kevnzcbT5Wvciv30WxHLAlBIhNU6zPXidFLqULOBPSyzURDTNkF7cCZoZKGoL108OmevWWUth1EypREe6D+nkhpqHU39E1nSPFcj3 p98V9PcgaBomxkPwb7XsplnCBINlwfJMLGyO7nYre5AoaiawhlipsLbHZOzTNo0suaaNzRIMZJbafoOkW34uZLh2SIDFknm2SbuGSPlMgJKZMqYeSS3JF78mDdWo/Ws/UybJ2wfmbWyB9Yb98eNJ8Y</latexit><latexit sha1_base64="e2I2uwSqB/j2x/wxDMQuNvSqG/s=">AAACCnicbVC7TgMxEPTxDOEVoKSxSJCoojsoQIgiEg1lkMhDSk6Rz9lLrPh8h72HiE75A3pa+AU6 RMtP8Ad8Bs6jgISRVhrN7Hq9EyRSGHTdL2dpeWV1bT23kd/c2t7ZLezt102cag41HstYNwNmQAoFNRQooZloYFEgoREMrsd+4wG0EbG6w2ECfsR6SoSCM7SS30Z4xKykSpdn7qhTKLpldwK6SLwZKZIZqp3Cd7sb8zQChVwyY1qem6CfMY2CSxjl26mBhPEB60HLUsUiMH42+fSIHlulS8NY21JIJ+rviYxFxgyjwHZGDPtm3huL/3pKcAg143 P7MbzwM6GSFEHx6fowlRRjOs6FdoUGjnJoCeNa2Aso7zP7DNr08jYabz6IRVI/LXtu2bv1ipWrWUg5ckiOyAnxyDmpkBtSJTXCyT15Ji/k1Xly3px352PauuTMZg7IHzifP6kFmpU=</latexit>
n:40
<latexit sha1_base64="S4XZAIIjDhNeW1K5BlvzGZG9dvI=">AAACCnicbVA9SwNBEJ3z2/gVtbRZjIJVuBNBEUHBxjKCiYI5ZG8zp4t7e+funBiOlHb2tvoX7MRK 8E/4DwT/hJvEQqMPBh7vzezsvChT0pLvv3tDwyOjY+MTk6Wp6ZnZufL8QsOmuRFYF6lKzUnELSqpsU6SFJ5kBnkSKTyOLve7/vE1GitTfUTtDMOEn2sZS8HJSWGT8IaKFb2yveF3zsoVv+r3wP6S4JtUdl8/bxkA1M7KH81WKvIENQnFrT0N/IzCghuSQmGn1MwtZlxc8nM8dVTzBG1Y9D7dYatOabE4Na40sZ76c6LgibXtJHKdCacLO+h1xX 89LQXGhouB/RRvhYXUWU6oRX99nCtGKevmwlrSoCDVdoQLI90FTFxw9wy59EoummAwiL+ksV4N/GpwGFT2dqCPCViCZViDADZhDw6gBnUQcAX38ACP3p335D17L/3WIe97ZhF+wXv7AlpXnSY=</latexit><latexit sha1_base64="yk3YQPmsM6yrBGepNHy8Xmaa2RA=">AAACCnicbVDLSgNBEJz1GeMr6lGQxUTwFHZFUEQw4MVjAuYBZgmzk944ODu7zvSKYcnRm3ev+gue FE+CP+EfCPoRThIPmljQUFR1T0+XHwuu0XHerYnJqemZ2cxcdn5hcWk5t7Ja01GiGFRZJCLV8KkGwSVUkaOARqyAhr6Aun9x3PfrV6A0j+QpdmPwQtqRPOCMopG8JsI1pgVZONh1eq1c3ik6A9jjxP0h+aPXz5uNp8pXuZX7aLYjloQgkQmq9ZnrxOilVCFnAnrZZqIhpuyCduDMUElD0F46+HTP3jJK2w4iZUqiPVB/T6Q01Lob+qYzpHiuR7 2++K8nOYNAUTayH4N9L+UyThAkG64PEmFjZPdzsdtcAUPRNYQyxc0FNjun5hk06WVNNO5oEOOktlN0naJbcfOlQzJEhqyTTbJNXLJHSuSElEmVMHJJ7sg9ebBurUfr2XoZtk5YPzNr5A+st28f0J8Z</latexit><latexit sha1_base64="yk3YQPmsM6yrBGepNHy8Xmaa2RA=">AAACCnicbVDLSgNBEJz1GeMr6lGQxUTwFHZFUEQw4MVjAuYBZgmzk944ODu7zvSKYcnRm3ev+gue FE+CP+EfCPoRThIPmljQUFR1T0+XHwuu0XHerYnJqemZ2cxcdn5hcWk5t7Ja01GiGFRZJCLV8KkGwSVUkaOARqyAhr6Aun9x3PfrV6A0j+QpdmPwQtqRPOCMopG8JsI1pgVZONh1eq1c3ik6A9jjxP0h+aPXz5uNp8pXuZX7aLYjloQgkQmq9ZnrxOilVCFnAnrZZqIhpuyCduDMUElD0F46+HTP3jJK2w4iZUqiPVB/T6Q01Lob+qYzpHiuR7 2++K8nOYNAUTayH4N9L+UyThAkG64PEmFjZPdzsdtcAUPRNYQyxc0FNjun5hk06WVNNO5oEOOktlN0naJbcfOlQzJEhqyTTbJNXLJHSuSElEmVMHJJ7sg9ebBurUfr2XoZtk5YPzNr5A+st28f0J8Z</latexit><latexit sha1_base64="F7VEdpah0jIov01rlFTNFqSNC/c=">AAACCnicbVDLSgNBEJz1GeMr6tHLYCJ4CrsiKOIh4MVjBPOAZAmzk95kyOzsOtMrhiV/4N2r/oI3 8epP+Ad+hpPHQRMLGoqq7unpChIpDLrul7O0vLK6tp7byG9ube/sFvb26yZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgG12O/8QDaiFjd4TABP2I9JULBGVrJbyM8YlZSpcszd9QpFN2yOwFdJN6MFMkM1U7hu92NeRqBQi6ZMS3PTdDPmEbBJYzy7dRAwviA9aBlqWIRGD+bfHpEj63SpWGsbSmkE/X3RMYiY4ZRYDsjhn0z743Ffz0lOISa8b n9GF74mVBJiqD4dH2YSooxHedCu0IDRzm0hHEt7AWU95l9Bm16eRuNNx/EIqmflj237N16xcrVLKQcOSRH5IR45JxUyA2pkhrh5J48kxfy6jw5b8678zFtXXJmMwfkD5zPH6qhmpY=</latexit>
}
<latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit><latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit><latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit><latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit>
}
<latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit><latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit><latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit><latexit sha1_base64="AJKOhE3jkmZGcGvfmdVoil3qIpI=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUV+4A2lMnkph06mYSZiVBCF+7d6i+4E7d+ in/gZzhts9DWAxcO59w7d+4JUsG1cd0vp7S2vrG5Vd6u7Ozu7R9UD4/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfzPzOIyrNE/lgJin6MR1KHnFGjZXu+9NBtebW3TnIKvEKUoMCzUH1ux8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18/tMpObNKSKJE2ZKGzNXfEzmNtZ7Ege2MqRnpZW8m/utJzjBSlC3tN9G1n3OZZg YlW6yPMkFMQmZhkJArZEZMLKFMcXsBYSNqnzE2soqNxlsOYpW0L+qeW/fuLmuNsAipDCdwCufgwRU04Baa0AIGETzDC7w6T86b8+58LFpLTjFzDH/gfP4AR/uWvw==</latexit>
S
<latexit sha1_base64="GW+BpxDswORBjNoNFjjKGTYw75s=">AAACB3icbVC7 TsMwFL0prxJeBUYWiwqJqUpYYEFUsDAWQR+ijSrHdVqrthPZDlIVVWJlZ4VfYEOsTHwDf8Bn4LQdoHAkS0fn3JdPmHCmjed9OoWFxaXlleKqu7a+sblV2t5p6DhVhNZ JzGPVCrGmnElaN8xw2koUxSLktBkOL3K/eUeVZrG8MaOEBgL3JYsYwcZKtx2BzUCJ7HrcLZW9ijcB+kv8GSmffbin9wBQ65a+Or2YpIJKQzjWuu17iQkyrAwjnI7dTq ppgskQ92nbUokF1UE2uXiMDqzSQ1Gs7JMGTdSfHRkWWo9EaCvzC/W8l4v/epIRGilM5vab6CTImExSQyWZro9SjkyM8lBQjylKDB9Zgoli9geIDLAdY2x0ro3Gnw/iL 2kcVXyv4l/55eo5TFGEPdiHQ/DhGKpwCTWoAwEJj/AEz86D8+K8Om/T0oIz69mFX3DevwFnhZwO</latexit><latexit sha1_base64="qjsk0YoVb0VEDsckOZ7w095kORk=">AAACB3icbVC7 TsMwFHXKq4RXgZHFokJiqhIWWBAVLIxF0Idoq8pxb1qrthPZDlIV9QPYWWHhA9gQKxOfgPgDPgOn7QAtR7J0dM59+QQxZ9p43peTW1hcWl7Jr7pr6xubW4XtnZqOEkW hSiMeqUZANHAmoWqY4dCIFRARcKgHg4vMr9+B0iySN2YYQ1uQnmQho8RY6bYliOkrkV6POoWiV/LGwPPEn5Li2Yd7Gj9/upVO4bvVjWgiQBrKidZN34tNOyXKMMph5L YSDTGhA9KDpqWSCNDtdHzxCB9YpYvDSNknDR6rvztSIrQeisBWZhfqWS8T//UkoxAqQmf2m/CknTIZJwYknawPE45NhLNQcJcpoIYPLSFUMfsDTPvEjjE2OtdG488GM U9qRyXfK/lXfrF8jibIoz20jw6Rj45RGV2iCqoiiiR6QI/oybl3XpxX521SmnOmPbvoD5z3H3kMnYI=</latexit><latexit sha1_base64="qjsk0YoVb0VEDsckOZ7w095kORk=">AAACB3icbVC7 TsMwFHXKq4RXgZHFokJiqhIWWBAVLIxF0Idoq8pxb1qrthPZDlIV9QPYWWHhA9gQKxOfgPgDPgOn7QAtR7J0dM59+QQxZ9p43peTW1hcWl7Jr7pr6xubW4XtnZqOEkW hSiMeqUZANHAmoWqY4dCIFRARcKgHg4vMr9+B0iySN2YYQ1uQnmQho8RY6bYliOkrkV6POoWiV/LGwPPEn5Li2Yd7Gj9/upVO4bvVjWgiQBrKidZN34tNOyXKMMph5L YSDTGhA9KDpqWSCNDtdHzxCB9YpYvDSNknDR6rvztSIrQeisBWZhfqWS8T//UkoxAqQmf2m/CknTIZJwYknawPE45NhLNQcJcpoIYPLSFUMfsDTPvEjjE2OtdG488GM U9qRyXfK/lXfrF8jibIoz20jw6Rj45RGV2iCqoiiiR6QI/oybl3XpxX521SmnOmPbvoD5z3H3kMnYI=</latexit><latexit sha1_base64="5cdJPwtUKMBeIawMtLaHqQhkZ8s=">AAACB3icbVC7 TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSyCtog2qhz3prXqOJHtIFVRP4CdFX6BDbHyGfwBn4HTZoCWI1k6Oue+fIJEcG1c98sprayurW+UNytb2zu7e9X9g7aOU8WwxWI Rq/uAahRcYstwI/A+UUijQGAnGF/lfucRleaxvDOTBP2IDiUPOaPGSg+9iJqRirLbab9ac+vuDGSZeAWpQYFmv/rdG8QsjVAaJqjWXc9NjJ9RZTgTOK30Uo0JZWM6xK 6lkkao/Wx28ZScWGVAwljZJw2Zqb87MhppPYkCW5lfqBe9XPzXk5xhqChb2G/CCz/jMkkNSjZfH6aCmJjkoZABV8iMmFhCmeL2B4SNqB1jbHQVG423GMQyaZ/VPbfu3 Xi1xmURUhmO4BhOwYNzaMA1NKEFDCQ8wwu8Ok/Om/PufMxLS07Rcwh/4Hz+ANCgmkE=</latexit>
w 6= ok
<latexit sha1_base64="at6rSMCjIIbR1AmKxOV5feT4m+Y=">AAACEXicdVDL SgMxFM34rPVVdekmWARXJaOtbcFFwY1LBVuFdiiZ9I6GZjJjklHL0K9w71Z/wZ249Qv8Az/DTFtBix4IHM65N/fe48eCa0PIhzMzOze/sJhbyi+vrK6tFzY2WzpKFIM mi0SkLn2qQXAJTcONgMtYAQ19ARd+/zjzL25BaR7JczOIwQvpleQBZ9RYqVvYvMMdCTe4E1JzrcI06g+7hSIpuZVyvUowKR1USbVWt+SwQg4IwW6JjFBEE5x2C5+dXs SSEKRhgmrddklsvJQqw5mAYb6TaIgp69MraFsqaQjaS0e7D/GuVXo4iJR90uCR+rMjpaHWg9C3ldmKetrLxD89yRkEirKp+SaoeSmXcWJAsvH4IBHYRDiLB/e4AmbEw BLKFLcXYHZN7TfGhpi30Xzfj/8nrf2Sa/lZudg4moSUQ9toB+0hF1VRA52gU9REDN2jR/SEnp0H58V5dd7GpTPOpGcL/YLz/gWiXp3n</latexit><latexit sha1_base64="at6rSMCjIIbR1AmKxOV5feT4m+Y=">AAACEXicdVDL SgMxFM34rPVVdekmWARXJaOtbcFFwY1LBVuFdiiZ9I6GZjJjklHL0K9w71Z/wZ249Qv8Az/DTFtBix4IHM65N/fe48eCa0PIhzMzOze/sJhbyi+vrK6tFzY2WzpKFIM mi0SkLn2qQXAJTcONgMtYAQ19ARd+/zjzL25BaR7JczOIwQvpleQBZ9RYqVvYvMMdCTe4E1JzrcI06g+7hSIpuZVyvUowKR1USbVWt+SwQg4IwW6JjFBEE5x2C5+dXs SSEKRhgmrddklsvJQqw5mAYb6TaIgp69MraFsqaQjaS0e7D/GuVXo4iJR90uCR+rMjpaHWg9C3ldmKetrLxD89yRkEirKp+SaoeSmXcWJAsvH4IBHYRDiLB/e4AmbEw BLKFLcXYHZN7TfGhpi30Xzfj/8nrf2Sa/lZudg4moSUQ9toB+0hF1VRA52gU9REDN2jR/SEnp0H58V5dd7GpTPOpGcL/YLz/gWiXp3n</latexit><latexit sha1_base64="at6rSMCjIIbR1AmKxOV5feT4m+Y=">AAACEXicdVDL SgMxFM34rPVVdekmWARXJaOtbcFFwY1LBVuFdiiZ9I6GZjJjklHL0K9w71Z/wZ249Qv8Az/DTFtBix4IHM65N/fe48eCa0PIhzMzOze/sJhbyi+vrK6tFzY2WzpKFIM mi0SkLn2qQXAJTcONgMtYAQ19ARd+/zjzL25BaR7JczOIwQvpleQBZ9RYqVvYvMMdCTe4E1JzrcI06g+7hSIpuZVyvUowKR1USbVWt+SwQg4IwW6JjFBEE5x2C5+dXs SSEKRhgmrddklsvJQqw5mAYb6TaIgp69MraFsqaQjaS0e7D/GuVXo4iJR90uCR+rMjpaHWg9C3ldmKetrLxD89yRkEirKp+SaoeSmXcWJAsvH4IBHYRDiLB/e4AmbEw BLKFLcXYHZN7TfGhpi30Xzfj/8nrf2Sa/lZudg4moSUQ9toB+0hF1VRA52gU9REDN2jR/SEnp0H58V5dd7GpTPOpGcL/YLz/gWiXp3n</latexit><latexit sha1_base64="at6rSMCjIIbR1AmKxOV5feT4m+Y=">AAACEXicdVDL SgMxFM34rPVVdekmWARXJaOtbcFFwY1LBVuFdiiZ9I6GZjJjklHL0K9w71Z/wZ249Qv8Az/DTFtBix4IHM65N/fe48eCa0PIhzMzOze/sJhbyi+vrK6tFzY2WzpKFIM mi0SkLn2qQXAJTcONgMtYAQ19ARd+/zjzL25BaR7JczOIwQvpleQBZ9RYqVvYvMMdCTe4E1JzrcI06g+7hSIpuZVyvUowKR1USbVWt+SwQg4IwW6JjFBEE5x2C5+dXs SSEKRhgmrddklsvJQqw5mAYb6TaIgp69MraFsqaQjaS0e7D/GuVXo4iJR90uCR+rMjpaHWg9C3ldmKetrLxD89yRkEirKp+SaoeSmXcWJAsvH4IBHYRDiLB/e4AmbEw BLKFLcXYHZN7TfGhpi30Xzfj/8nrf2Sa/lZudg4moSUQ9toB+0hF1VRA52gU9REDN2jR/SEnp0H58V5dd7GpTPOpGcL/YLz/gWiXp3n</latexit>
r = tails
<latexit sha1_base64="NhLg2pQUM0Ht1F6xXRw8/wmxF2g=">AAACD3icdVDLSgMxFM3UV62vUZdugkVwNWRsa1tQKLhxWcE+oB1KJs20oZnMkGQKZehHuHerv+BO 3PoJ/oGfYfoQtOiBwOGce3PvPX7MmdIIfViZtfWNza3sdm5nd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93M/NaYSsUica8nMfVCPBAsYARrI/VsW153Q6yHMkw1ZlxNe3YeOW6pWC0jiJxCGZUrVUMuS6iAEHQdNEceLFHv2Z/dfkSSkApNOFaq46JYeymWmhFOp7luomiMyQgPaMdQgUOqvHS++RSeGaUPg0iaJzScqz87Uh wqNQl9UznbUq16M/FPTzBCA4nJynwdVLyUiTjRVJDF+CDhUEdwFg7sM0mJ5hNDMJHMXADJEJtvtIkwZ6L5vh/+T5oXjmv4XTFfu1qGlAUn4BScAxeUQQ3cgjpoAALG4BE8gWfrwXqxXq23RWnGWvYcg1+w3r8Ariqdbg==</latexit><latexit sha1_base64="NhLg2pQUM0Ht1F6xXRw8/wmxF2g=">AAACD3icdVDLSgMxFM3UV62vUZdugkVwNWRsa1tQKLhxWcE+oB1KJs20oZnMkGQKZehHuHerv+BO 3PoJ/oGfYfoQtOiBwOGce3PvPX7MmdIIfViZtfWNza3sdm5nd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93M/NaYSsUica8nMfVCPBAsYARrI/VsW153Q6yHMkw1ZlxNe3YeOW6pWC0jiJxCGZUrVUMuS6iAEHQdNEceLFHv2Z/dfkSSkApNOFaq46JYeymWmhFOp7luomiMyQgPaMdQgUOqvHS++RSeGaUPg0iaJzScqz87Uh wqNQl9UznbUq16M/FPTzBCA4nJynwdVLyUiTjRVJDF+CDhUEdwFg7sM0mJ5hNDMJHMXADJEJtvtIkwZ6L5vh/+T5oXjmv4XTFfu1qGlAUn4BScAxeUQQ3cgjpoAALG4BE8gWfrwXqxXq23RWnGWvYcg1+w3r8Ariqdbg==</latexit><latexit sha1_base64="NhLg2pQUM0Ht1F6xXRw8/wmxF2g=">AAACD3icdVDLSgMxFM3UV62vUZdugkVwNWRsa1tQKLhxWcE+oB1KJs20oZnMkGQKZehHuHerv+BO 3PoJ/oGfYfoQtOiBwOGce3PvPX7MmdIIfViZtfWNza3sdm5nd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93M/NaYSsUica8nMfVCPBAsYARrI/VsW153Q6yHMkw1ZlxNe3YeOW6pWC0jiJxCGZUrVUMuS6iAEHQdNEceLFHv2Z/dfkSSkApNOFaq46JYeymWmhFOp7luomiMyQgPaMdQgUOqvHS++RSeGaUPg0iaJzScqz87Uh wqNQl9UznbUq16M/FPTzBCA4nJynwdVLyUiTjRVJDF+CDhUEdwFg7sM0mJ5hNDMJHMXADJEJtvtIkwZ6L5vh/+T5oXjmv4XTFfu1qGlAUn4BScAxeUQQ3cgjpoAALG4BE8gWfrwXqxXq23RWnGWvYcg1+w3r8Ariqdbg==</latexit><latexit sha1_base64="NhLg2pQUM0Ht1F6xXRw8/wmxF2g=">AAACD3icdVDLSgMxFM3UV62vUZdugkVwNWRsa1tQKLhxWcE+oB1KJs20oZnMkGQKZehHuHerv+BO 3PoJ/oGfYfoQtOiBwOGce3PvPX7MmdIIfViZtfWNza3sdm5nd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93M/NaYSsUica8nMfVCPBAsYARrI/VsW153Q6yHMkw1ZlxNe3YeOW6pWC0jiJxCGZUrVUMuS6iAEHQdNEceLFHv2Z/dfkSSkApNOFaq46JYeymWmhFOp7luomiMyQgPaMdQgUOqvHS++RSeGaUPg0iaJzScqz87Uh wqNQl9UznbUq16M/FPTzBCA4nJynwdVLyUiTjRVJDF+CDhUEdwFg7sM0mJ5hNDMJHMXADJEJtvtIkwZ6L5vh/+T5oXjmv4XTFfu1qGlAUn4BScAxeUQQ3cgjpoAALG4BE8gWfrwXqxXq23RWnGWvYcg1+w3r8Ariqdbg==</latexit>
w¯ = ok
<latexit sha1_base64="Ar+ZgzeAIdtiBVp/PpwGEY9iPoE=">AAACbHicdVHLahsxFNVM+kjdR9zHLhRETUs3HTR51A60EOimyxTqJJAx5o6siYX1GKQ7KUbMV3bV P+iq++6qsV1IQntBcDjn3Hulo7JW0iNjP5J0687de/e3H/QePnr8ZKf/9Nmpt43jYsytsu68BC+UNGKMEpU4r50AXSpxVi4+dfrZlXBeWvMVl7WYaLg0spIcMFLTvi5KcOFb+zGEQi+EM3vZSDeFjT3dyFDUzqLgWFzVczBodcB2bXy3dnoNfh57AedOB7tob8jttaFt25v2ByzLDw+OhoyybH/IhqOjCN4fsn3GaJ6xVQ3Ipk6m/Z/FzPJGC4 NcgfcXOatxEsCh5Eq0vaLxoga+gEtxEaEBLfwkrGJp6evIzGhlXTwG6Yq93hFAe7/UZXR21/e3tY78p2YkF5UDfms/VqNJkKZuUBi+Xl81iqKlXfJ0Jl0MUi0jAO5kfAHlc4hjMP5PF83f99P/g9O9LI/4y8Hg+MMmpG2yS16RtyQnQ3JMPpMTMiacfCe/kzTZSn6lL9Ld9OXamiabnufkRqVv/gCGer87</latexit><latexit sha1_base64="Ar+ZgzeAIdtiBVp/PpwGEY9iPoE=">AAACbHicdVHLahsxFNVM+kjdR9zHLhRETUs3HTR51A60EOimyxTqJJAx5o6siYX1GKQ7KUbMV3bV P+iq++6qsV1IQntBcDjn3Hulo7JW0iNjP5J0687de/e3H/QePnr8ZKf/9Nmpt43jYsytsu68BC+UNGKMEpU4r50AXSpxVi4+dfrZlXBeWvMVl7WYaLg0spIcMFLTvi5KcOFb+zGEQi+EM3vZSDeFjT3dyFDUzqLgWFzVczBodcB2bXy3dnoNfh57AedOB7tob8jttaFt25v2ByzLDw+OhoyybH/IhqOjCN4fsn3GaJ6xVQ3Ipk6m/Z/FzPJGC4 NcgfcXOatxEsCh5Eq0vaLxoga+gEtxEaEBLfwkrGJp6evIzGhlXTwG6Yq93hFAe7/UZXR21/e3tY78p2YkF5UDfms/VqNJkKZuUBi+Xl81iqKlXfJ0Jl0MUi0jAO5kfAHlc4hjMP5PF83f99P/g9O9LI/4y8Hg+MMmpG2yS16RtyQnQ3JMPpMTMiacfCe/kzTZSn6lL9Ld9OXamiabnufkRqVv/gCGer87</latexit><latexit sha1_base64="Ar+ZgzeAIdtiBVp/PpwGEY9iPoE=">AAACbHicdVHLahsxFNVM+kjdR9zHLhRETUs3HTR51A60EOimyxTqJJAx5o6siYX1GKQ7KUbMV3bV P+iq++6qsV1IQntBcDjn3Hulo7JW0iNjP5J0687de/e3H/QePnr8ZKf/9Nmpt43jYsytsu68BC+UNGKMEpU4r50AXSpxVi4+dfrZlXBeWvMVl7WYaLg0spIcMFLTvi5KcOFb+zGEQi+EM3vZSDeFjT3dyFDUzqLgWFzVczBodcB2bXy3dnoNfh57AedOB7tob8jttaFt25v2ByzLDw+OhoyybH/IhqOjCN4fsn3GaJ6xVQ3Ipk6m/Z/FzPJGC4 NcgfcXOatxEsCh5Eq0vaLxoga+gEtxEaEBLfwkrGJp6evIzGhlXTwG6Yq93hFAe7/UZXR21/e3tY78p2YkF5UDfms/VqNJkKZuUBi+Xl81iqKlXfJ0Jl0MUi0jAO5kfAHlc4hjMP5PF83f99P/g9O9LI/4y8Hg+MMmpG2yS16RtyQnQ3JMPpMTMiacfCe/kzTZSn6lL9Ld9OXamiabnufkRqVv/gCGer87</latexit><latexit sha1_base64="Ar+ZgzeAIdtiBVp/PpwGEY9iPoE=">AAACbHicdVHLahsxFNVM+kjdR9zHLhRETUs3HTR51A60EOimyxTqJJAx5o6siYX1GKQ7KUbMV3bV P+iq++6qsV1IQntBcDjn3Hulo7JW0iNjP5J0687de/e3H/QePnr8ZKf/9Nmpt43jYsytsu68BC+UNGKMEpU4r50AXSpxVi4+dfrZlXBeWvMVl7WYaLg0spIcMFLTvi5KcOFb+zGEQi+EM3vZSDeFjT3dyFDUzqLgWFzVczBodcB2bXy3dnoNfh57AedOB7tob8jttaFt25v2ByzLDw+OhoyybH/IhqOjCN4fsn3GaJ6xVQ3Ipk6m/Z/FzPJGC4 NcgfcXOatxEsCh5Eq0vaLxoga+gEtxEaEBLfwkrGJp6evIzGhlXTwG6Yq93hFAe7/UZXR21/e3tY78p2YkF5UDfms/VqNJkKZuUBi+Xl81iqKlXfJ0Jl0MUi0jAO5kfAHlc4hjMP5PF83f99P/g9O9LI/4y8Hg+MMmpG2yS16RtyQnQ3JMPpMTMiacfCe/kzTZSn6lL9Ld9OXamiabnufkRqVv/gCGer87</latexit>
z = + 12
<latexit sha1_base64="BR1Q2mAKaSOAo4wwJTLERCxPB+8=">AAACC3icdVDLSgMxFL1T3/VVdekmWARBKJlqbQsKBTcuVWwVbNVMmqmhmcyQZIQ6zCe41q3+gjtx 60f4B36GaaugRQ8EDufcR871IsG1wfjdyYyNT0xOTc9kZ+fmFxZzS8sNHcaKsjoNRajOPKKZ4JLVDTeCnUWKkcAT7NTr7vf90xumNA/lielFrBWQjuQ+p8RY6eJ2b7PpK0ITN02K6WUujwtuabtaxggXtsq4XKlaslPCWxgjt4AHyNfy98dXAHB4mftotkMaB0waKojW5y6OTCshynAqWJptxppFhHZJh51bKknAdCsZ/DpF61ZpIz9U9kmDBu rPjoQEWvcCz1YGxFzrUa8v/ulJTlk/1Mh+41daCZdRbJikw/V+LJAJUf8wqM0Vo0b0LCFUcZsA0Wtixxh7vqw9zXd+9D9pFAuu5UduvrYLQ0zDKqzBBrhQhhocwCHUgYKCB3iEJ+fOeXZenNdhacb56lmBX3DePgHfQp1W</latexit><latexit sha1_base64="47n/xFRTZHmMyBoGhIzLtwj/qH8=">AAACC3icdVDLSgMxFM3UV62vqks3wSIIQsnURy0oFNy4VLFaaGvNpHfaYCYzJBmhDv0E17rVpVt3 4taP8A/8DNNWQYseCBzOuY+c60WCa0PIu5MaG5+YnEpPZ2Zm5+YXsotLZzqMFYMKC0Woqh7VILiEiuFGQDVSQANPwLl3ddD3z69BaR7KU9ONoBHQtuQ+Z9RY6eJmf6PuK8oSt5cUes1sjuTd7a1SkWCS3yyS4m7Jkp1tskkIdvNkgFw5d3dyevkER83sR70VsjgAaZigWtdcEplGQpXhTEAvU481RJRd0TbULJU0AN1IBr/u4TWrtLAfKvukwQ P1Z0dCA627gWcrA2o6etTri396kjPohxrZb/zdRsJlFBuQbLjejwU2Ie4fBre4AmZE1xLKFLcJMOtQO8bY82Xsab7z4//JWSHvWn7s5sp7aIg0WkGraB25qIjK6BAdoQpiSKF79IAenVvn2XlxXoelKeerZxn9gvP2CdgHnrk=</latexit><latexit sha1_base64="47n/xFRTZHmMyBoGhIzLtwj/qH8=">AAACC3icdVDLSgMxFM3UV62vqks3wSIIQsnURy0oFNy4VLFaaGvNpHfaYCYzJBmhDv0E17rVpVt3 4taP8A/8DNNWQYseCBzOuY+c60WCa0PIu5MaG5+YnEpPZ2Zm5+YXsotLZzqMFYMKC0Woqh7VILiEiuFGQDVSQANPwLl3ddD3z69BaR7KU9ONoBHQtuQ+Z9RY6eJmf6PuK8oSt5cUes1sjuTd7a1SkWCS3yyS4m7Jkp1tskkIdvNkgFw5d3dyevkER83sR70VsjgAaZigWtdcEplGQpXhTEAvU481RJRd0TbULJU0AN1IBr/u4TWrtLAfKvukwQ P1Z0dCA627gWcrA2o6etTri396kjPohxrZb/zdRsJlFBuQbLjejwU2Ie4fBre4AmZE1xLKFLcJMOtQO8bY82Xsab7z4//JWSHvWn7s5sp7aIg0WkGraB25qIjK6BAdoQpiSKF79IAenVvn2XlxXoelKeerZxn9gvP2CdgHnrk=</latexit><latexit sha1_base64="FQexOYpzi6G5F7hmBLDETkWBhxg=">AAACC3icdVDLSgMxFM3UV62vqks3wSIIQsm01ragUHDjsoJ9QDuWTJppQzOZIckIdegnuHerv+BO 3PoR/oGfYaatoEUPBA7n3EfucUPOlEbow0otLa+srqXXMxubW9s72d29pgoiSWiDBDyQbRcrypmgDc00p+1QUuy7nLbc0WXit+6oVCwQN3ocUsfHA8E8RrA20u39xUnXk5jE9iQuTHrZHMrbpdNqGUGUL5ZRuVI15KyEighBO4+myIE56r3sZ7cfkMinQhOOlerYKNROjKVmhNNJphspGmIywgPaMVRgnyonnv56Ao+M0odeIM0TGk7Vnx0x9p Ua+66p9LEeqkUvEf/0BCM0OWphv/YqTsxEGGkqyGy9F3GoA5gEA/tMUqL52BBMJDMXQDLEZow28WVMNN/3w/9Js5C3Db+2c7XzeUhpcAAOwTGwQRnUwBWogwYgQIJH8ASerQfrxXq13malKWvesw9+wXr/AnhTm6o=</latexit>
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Figure 2: Illustration of the Gedankenexperiment. In each round n = 0, 1, 2, . . . of the experiment, agent F¯
tosses a coin and, depending on the outcome r, polarises a spin particle S in a particular direction. Agent F then
measures the vertical polarisation z of S. Later, agents W¯ and W measure the entire labs L¯ and L (where the latter
includes S) to obtain outcomes w¯ and w, respectively, which they announce publicly. We assume that all agents
are aware of the entire experimental procedure, but that they are located at different places and therefore make
different observations. Starting from these observations, they may reason about observations made by others (blue
bubbles). Agent F, for instance, observes z and then uses quantum theory to infer r.
2.2 Analysis of the Gedankenexperiment
We analyse the experiment from the viewpoints of the four agents, F¯, F, W¯, and W, whom we
assume to use quantum theory for their reasoning. While the agents have access to different pieces
of information (Fig. 2), they shall be aware of the entire experimental procedure as described in
Section 2.1. One may thus think of the agents as computers that, in addition to carrying out the
steps of the experimental procedure, are programmed to draw conclusions according to a given set
of rules. In the following, we specify these rules as assumptions, called (Q), (C), and (S).
Assumption (Q) asserts that any agent A “uses quantum theory.” By this we mean that A may
predict the outcome of a measurement on any system S around him via the quantum-mechanical
Born rule. For our purposes, it suffices to consider the special case where the state |ψ〉S that A
assigns to S lies in the image of only one of the measurement operators pit0x , say the one with x = ξ.
In this case, the Born rule says that the outcome x equals ξ with certainty.
Assumption (Q)
Suppose that agent A has established that
Statement A(i): “System S is in state |ψ〉S at time t0.”
Suppose furthermore that agent A knows that
Statement A(ii): “The value x is obtained by a measurement of S w.r.t. the family {pit0x }x∈X
of Heisenberg operators relative to time t0, which is completed at time t.”
If 〈ψ|pit0ξ |ψ〉 = 1 for some ξ ∈ X then agent A can conclude that
Statement A(iii): “I am certain that x = ξ at time t.”
Crucially, S may be a large and complex system, even one that itself contains agents. In fact,
to start our analysis, we take the system S to be the entire lab L, which in any round n of the
experiment is measured with respect to the Heisenberg operators pin:10w=ok and pi
n:10
w=fail defined in
Table 2b. Suppose that agent F¯ wants to predict the outcome w of this measurement. To this aim,
4
time interval time evolution of time evolution of
within round n F¯’s lab L¯ F’s lab L
before n:00
set R to
|init〉R =
√
1/3|heads〉R +
√
2/3|tails〉R [irrelevant]
from n:00
to n:10
U00→10
R→L¯S =
{
|heads〉R 7→ |h¯〉L¯ ⊗ |↓〉S
|tails〉R 7→ |¯t〉L¯ ⊗ |→〉S
[irrelevant]
from n:10
to n:20
U10→20
L¯→L¯ = 1L¯ U10→20S→L =
{
|↓〉S 7→ |− 12 〉L
|↑〉S 7→ |+ 12 〉L
from n:20
to n:30
[irrelevant] U
20→30
L→L = 1L
Table 1: Time evolution. The two labs, L¯ and L, are assumed to be isolated quantum systems. Technically, this
means that their time evolution is described by norm-preserving linear maps, i.e., isometries. The second protocol
step, for instance, in which F measures S, induces an isometry U10→20S→L from S to L. The vectors |− 12 〉L and |+ 12 〉L
are defined as the outputs of this isometry, i.e., as the states of lab L at the end of the protocol step depending on
whether the incoming spin was |↓〉S or |↑〉S, respectively. For concreteness, one may think of them as states of the
form (2) — although their structure is irrelevant for the argument. Analogously, |h¯〉L¯ and |¯t〉L¯ are defined as the
states of lab L¯ at the end of the first protocol step, depending on whether r = heads or r = tails, respectively.
she may start her reasoning with a statement that describes the corresponding measurement.
Statement F¯n:00: “The value w is obtained by a measurement of L w.r.t. {pin:10w=ok, pin:10w=fail},
which is completed at time n:31.”
Here and in the following, we specify for each statement a time, denoted as a superscript, indicating
when the agent could have inferred the statement. Agent F¯’s statement F¯n:00 above does not
depend on any observations, so the time n:00 we have assigned to it is rather arbitrary. This is
however different for the next statement, which is based on knowledge of the value r. Suppose that
agent F¯ got r = tails as the output of the random number generator in round n. According to the
experimental instructions, she will then prepare the spin S in state |→〉S. Now, after completing
the preparation, say at time n:01, she may make a second statement, taking into account that S
remains unchanged until F starts her measurement at time n:10.
Statement F¯n:01: “The spin S is in state |→〉S at time n:10.”
Agent F¯ could conclude from this that the later state of L, U10→20S→L |→〉S =
√
1/2
(|− 12 〉L+|+ 12 〉L),
will be orthogonal to |ok〉L. An equivalent way to express this is that the state |→〉S has no overlap
with the Heisenberg measurement operator corresponding to outcome w = ok, i.e.,
〈→|pin:10w=fail|→〉 = 1− 〈→|pin:10w=ok|→〉 = 1 . (4)
The two statements F¯n:00 and F¯n:01, inserted into (Q), thus imply that w = fail. We may assume
that agent F¯ draws this conclusion at time n:02 and, for later use, put it down as statement F¯n:02 in
Table 3. Similarly, agent F’s reasoning may be based upon a description of her spin measurement,
which is defined by the operators pin:10
z=− 12
and pin:10
z=+ 12
given in Table 2b.
Statement Fn:10: “The value z is obtained by a measurement of S w.r.t. {pin:10
z=− 12
, pin:10
z=+ 12
},
which is completed at time n:11.”
Suppose now that agent F observed z = + 12 in round n. Since, by definition,
〈↓|pin:10z=− 12 |↓〉 = 1 (5)
it follows from (Q) that S was not in state |↓〉 and hence that the random value r was not heads.
This is statement Fn:12 of Table 3. We proceed with agent W¯, who may base his reasoning upon
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agent value
measured
system
measurement
completed at
relevant vectors of
measurement basis
F¯ r R n:01 |heads〉R |tails〉R
F z S n:11 |↓〉S |↑〉S
W¯ w¯ L¯ n:21 |ok〉L¯ =
√
1/2
(|h¯〉L¯ − |¯t〉L¯)
W w L n:31 |ok〉L =
√
1/2
(|− 1
2
〉
L
−|+ 1
2
〉
L
)
Table 2a: Measurements carried out by the agents. Each of the four agents observes a value, defined as the
outcome of a measurement on a particular system at a particular time. The measurement basis vectors |ok〉L¯ and
|ok〉L shown in the last two rows are expressed in terms of states, such as |− 12 〉L and |+ 12 〉L, which are defined in
Table 1.
agent measurement operators
F¯ pin:10w=ok =
[
(U10→20S→L )
†|ok〉L
][ · ]† pin:10w=fail = 1− pin:10w=ok
F pin:10
z=− 1
2
= |↓〉〈↓|S pin:10z=+ 1
2
= 1− pin:10
z=− 1
2
= |↑〉〈↑|S
W¯ pin:00
(w¯,z)=(ok,− 1
2
)
=
[
(U00→10
R→L¯S )
†|ok〉L¯|↓〉S
][ · ]† pin:00
(w¯,z)6=(ok,− 1
2
)
= 1− pin:00
(w¯,z)=(ok,− 1
2
)
W pin:00
(w¯,w)=(ok,ok)
=
[
(U00→10
R→L¯S )
†(U10→20S→L )
†|ok〉L¯|ok〉L
][ · ]† (see Appendix A.2)
Table 2b: Measurement operators in the Heisenberg picture. The measurements carried out by the
individual agents are specified in terms of operators, each of which corresponds to a possible measurement outcome;
cf. Assumption (Q). They are given in the Heisenberg picture, referring to the system’s state at a particular time,
which is indicated in the superscript. The bracket [ · ]† stands for the adjoint of the preceding expression.
his knowledge of how the random number generator was initialised.
Statement W¯n:21: “System R is in state |init〉R at time n:00.”
Consider the event that w¯ = ok and z = − 12 , as well as its complement. The Heisenberg operators
of the corresponding measurement are given in Table 2b. It is straightforward to verify that
U00→10
R→L¯S |init〉R =
√
1/3|h¯〉L¯ ⊗ |↓〉S+
√
2/3|¯t〉L¯ ⊗ |→〉S is orthogonal to |ok〉L¯ ⊗ |↓〉S, which implies that
〈init|pin:00(w¯,z)6=(ok,− 12 )|init〉 = 1− 〈init|pi
n:00
(w¯,z)=(ok,− 12 )|init〉 = 1 . (6)
Agent W¯, who also uses (Q), can hence be certain that (w¯, z) 6= (ok,− 12 ). This implies that
statement W¯n:22 of Table 3 holds whenever w¯ = ok. Furthermore, because agent W¯ announces w¯,
agent W can be certain about W¯’s knowledge, which justifies statement Wn:26 of the table. We
have thus established all statements in the third column of Table 3.
For later use we also note that a simple calculation yields
〈init|pin:00(w¯,w)=(ok,ok)|init〉 = 1/12 (7)
where pin:00
(w¯,w)=(ok,ok)
is the Heisenberg operator belonging to the event that w¯ = ok and w = ok,
as defined in Table 2b. Hence, according to quantum mechanics, agent W can be certain that the
outcome (w¯, w) = (ok, ok) occurs after finitely many rounds. This corresponds to the following
statement (which can indeed be derived using (Q), as shown in Appendix A.2).
Statement W0:00: “I am certain that there exists a round n in which the halting condition
at time n:40 is satisfied.”
The agents may now obtain further statements by reasoning about how they would reason from
the viewpoint of other agents, as illustrated by Fig. 3. To enable such nested reasoning we need
6
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Figure 3: Consistent reasoning as required by Assumption (C). If a theory T (such as quantum theory)
enables consistent reasoning (C) then it must allow any agent A to promote the conclusions drawn by another agent
A′ to his own conclusions, provided that A′ has the same initial knowledge about the experiment and reasons within
the same theory T. A classical example of such recursive reasoning is the muddy children puzzle (in which case T
is just standard logic; see [11] for a detailed account). The idea of using a physical theory T to describe agents who
themselves use T has also appeared in thermodynamics, notably in discussions around Maxwell’s demon [12].
another assumption, Assumption (C).4 It captures the idea that the theory used by the agents for
their reasoning should be consistent, in the sense that they do not arrive at contradictory claims.
Assumption (C)
Suppose that agent A has established that
Statement A(i): “I am certain that agent A′, upon reasoning within the same theory as the
one I am using, is certain that x = ξ at time t.”
Then agent A can conclude that
Statement A(ii): “I am certain that x = ξ at time t.”
Agent F may insert agent F¯’s statement F¯n:02 into Fn:12, obtaining statement Fn:13 of Table 3.
By virtue of Assumption (C), she may then conclude that statement Fn:14 holds, too. Similarly,
W¯ may combine this latter statement with his statement W¯n:22 to obtain W¯n:23. He could then,
again using (C), conclude that statement W¯n:24 holds. Finally, agent W can insert this into his
statement Wn:26 to obtain statement Wn:27 and, again with (C), statement Wn:28. This completes
the derivation of all statements of Table 3.
For the last part of our analysis, we take again agent W’s perspective. According to state-
ment W0:00, the experiment has a final round n in which the halting condition will be satisfied,
meaning in particular that agent W¯ announces w¯ = ok. Agent W infers from this that state-
ment Wn:28 of Table 3 holds in that round, i.e., he is certain that he will observe w = fail at time
n:31. However, in this final round, he will nevertheless observe w = ok! We have thus reached a
contradiction — unless agent W would accept that w simultaneously admits multiple values. For
our discussion below, it will be useful to introduce an explicit assumption, termed Assumption (S),
which disallows this.
Assumption (S)
Suppose that agent A has established that
Statement A(i): “I am certain that x = ξ at time t.”
Then agent A must necessarily deny that
Statement A(ii): “I am certain that x 6= ξ at time t.”
4Assumption (C) has some vague similarities with a transitivity relation. However, although the expression
“knows that” indeed defines a binary relation, it is not transitive (for its domain and codomain are different sets).
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agent assumed
observation
statement inferred
via (Q)
further implied
statement
statement inferred
via (C)
F¯ r = tails
at time n:01
Statement F¯n:02: “I am
certain that W will ob-
serve w = fail at time
n:31.”
F z = + 1
2
at time n:11
Statement Fn:12: “I am
certain that F¯ knows that
r = tails at time n:01.”
Statement Fn:13: “I am
certain that F¯ is certain
that W will observe w =
fail at time n:31.”
Statement Fn:14: “I am
certain that W will ob-
serve w = fail at time
n:31.”
W¯ w¯ = ok
at time n:21
Statement W¯n:22: “I am
certain that F knows that
z = + 1
2
at time n:11.”
Statement W¯n:23: “I am
certain that F is certain
that W will observe w =
fail at time n:31.”
Statement W¯n:24: “I am
certain that W will ob-
serve w = fail at time
n:31.”
W
announcement
by agent W¯
that w¯ = ok
at time n:21
Statement Wn:26: “I am
certain that W¯ knows
that w¯ = ok at time
n:21.”
Statement Wn:27: “I am
certain that W¯ is certain
that I will observe w =
fail at time n:31.”
Statement Wn:28: “I am
certain that I will observe
w = fail at time n:31.”
Table 3: The agents’ observations and conclusions. The statements that the individual agents can derive
from quantum theory depend on the information accessible to them (cf. Fig. 2). Agent F¯, for instance, if she
observes r = tails, can use this information to infer the value w, which will later be observed and announced by
agent W.
2.3 No-go theorem
The conclusion of the above analysis may be phrased as a no-go theorem.
Theorem. Any theory that satisfies assumptions (Q), (C), and (S) yields contradictory state-
ments when applied to the Gedankenexperiment described in Section 2.1.
To illustrate the theorem, we consider in the following different interpretations and modifica-
tions of quantum theory. The no-go theorem implies that any of them must violate either (Q),
(C), or (S). This yields a natural categorisation as shown in Table 4 and discussed in the following
subsections.
2.4 Theories that violate Assumption (Q)
Assumption (Q) corresponds to the quantum-mechanical Born rule. Since the assumption is con-
cerned with the special case of probability-1 predictions only, it is largely independent of interpre-
tational questions, such as the meaning of probabilities in general. However, the non-trivial aspect
of (Q) is that it regards the Born rule as a universal law. That is, it demands that an agent A
can apply the rule to arbitrary systems S around her, including large ones that may contain other
agents. The specifier “around” is crucial, though: Assumption (Q) does not demand that agent A
can describe herself as a quantum system. Such a requirement would indeed be overly restrictive
(see [13]) for it would immediately rule out interpretations in the spirit of Copenhagen, according
to which the observed quantum system and the observer must be distinct from each other [14, 15].
Assumption (Q) is manifestly violated by theories that postulate a modification of standard
quantum mechanics, such as spontaneous [16, 17, 18, 19, 20] and gravity-induced [21, 22, 23] col-
lapse models (cf. [24] for a review). These deviate from the standard theory already on microscopic
scales, although the effects of the deviation typically only become noticeable in larger systems.
In some approaches to quantum mechanics, it is simply postulated that large systems are
“classical”, but the physical mechanism that explains the absence of quantum features remains
unspecified [25]. In the view described in [3], for instance, the postulate says that measurement
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(Q) (C) (S)
Copenhagen interpretation X × X
HV theory applied to subsystems X × X
HV theory applied to entire universe × X X
Many-worlds interpretations ? ? ×
Collapse theories × X X
Consistent histories X × X
QBism X × X
Relational quantum mechanics X × X
CSM approach × X X
ETH approach × X X
Table 4: Interpretations of quantum theory. The proposed Gedankenexperiment can be employed to study
the various interpretations of quantum theory. Our no-go theorem implies that each of them must violate at least
one of the Assumptions (Q), (C), and (S) (indicated by ×). For hidden variable (HV) theories, it is relevant whether
agents who are using the theory apply its laws (e.g., the guiding equation in the case of Bohmian mechanics) to
subsystems around them or to the universe as a whole.
devices are infinite-dimensional systems whereas observables are finite. This ensures that coherent
and incoherent superpositions in the state of a measurement device are indistinguishable. Similarly,
according to the ETH approach [26], the algebra of available observables is time-dependent and
does not allow one to distinguish coherent from incoherent superpositions once a measurement has
been completed. General measurements on systems that count themselves as measurement devices
are thus ruled out. Another example is the CSM ontology [27], according to which measurements
must always be carried out in a “context”, which includes the measurement devices. It is then
postulated that this context cannot itself be treated as a quantum system. Within all these
interpretations, the Born rule still holds “for all practical purposes”, but is no longer a universally
applicable law in the sense of Assumption (Q) (see the discussion in [4]).
Another class of theories that violate (Q), although in a less obvious manner, are particular
hidden variable (HV) interpretations [28], with Bohmian mechanics as the most prominent ex-
ample [29, 30, 31]. According to the common understanding, Bohmian mechanics is a “theory
of the universe” rather than a theory about subsystems [32]. This means that agents who apply
the theory must in principle always take an outside perspective on the entire universe, describing
themselves as part of it. This outside perspective is identical for all agents, which ensures consis-
tency and hence the validity of Assumption (C). However, because (S) is satisfied, too, it follows
from our no-go theorem that (Q) must be violated (see Appendix A.3 for more details).
2.5 Theories that violate Assumption (C)
A violation of (C) is unavoidable whenever a theory satisfies both (Q) and (S). This conclusion
applies to a wide range of common readings of quantum mechanics, including most variants of the
Copenhagen interpretation. One concrete example is the consistent histories (CH) formalism [33,
34, 35], which is also similar to the decoherent histories approach [36, 37]. Another class of examples
are subjectivistic interpretations, which regard statements about outcomes of measurements as
personal to an agent, such as relational quantum mechanics [38], QBism [39, 40], or the approach
proposed in [9] (see Appendices A.4 and A.5 for a discussion of the CH formalism and QBism,
respectively).
The same conclusion applies to hidden variable interpretations of quantum mechanics, provided
that we use them to describe systems around us rather than the universe as a whole (contrasting
the paradigm of Bohmian mechanics discussed above). In this case, both (Q) and (S) hold by
construction. This adds another item to the long list of no-go results for HV interpretations: they
cannot be local [10], they must be contextual [41, 42], and they violate freedom of choice [43, 44].
That HV theories also violate (C) means that, in a multi-agent scenario like the one considered here,
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even just assigning values to the hidden variables that are consistent with the agents’ conclusions
is impossible in general.
2.6 Theories that violate Assumption (S)
Although intuitive, (S) is not implied by the bare mathematical formalism of quantum mechanics.
Among the theories that abandon the assumption are the relative state formulation and many-
worlds interpretations [45, 46, 47, 6, 48]. According to the latter, any quantum measurement results
in a branching into different “worlds”, in each of which one of the possible measurement outcomes
occurs. Further developments and variations include the many-minds interpretation [49, 50] and
the parallel lives theory [51]. A related concept is quantum Darwinism [52], whose purpose is to
explain the perception of classical measurement outcomes in a unitarily evolving universe.
While many-worlds interpretations manifestly violate (S), their compatibility with (Q) and (C)
depends on how one defines the branching. If one regards it as an objective process, (Q) may be
violated (cf. the example in Sec. 10 of [53]). It is also questionable whether (Q) can be upheld if
branches do not persist over time (cf. the no-histories view described in [54]).
2.7 Implicit assumptions
Any no-go result, as for example Bell’s theorem [10], is phrased within a particular framework
that comes with a set of built-in assumptions. Hence it is always possible that a theory evades the
conclusions of the no-go result by not fulfilling these implicit assumptions. Here we briefly discuss
how our no-go theorem compares in this respect to other results in the literature.
Bell’s original work [10] treats probabilities as a primitive notion. Similarly, many of the modern
arguments in quantum foundations employ probabilistic frameworks [55, 56, 57, 58, 59, 60, 61, 62].
In contrast, probabilities are not used in the argument presented here — although Assumption (Q)
is of course motivated by the idea that a statement can be regarded as “certain” if the Born rule
assigns probability 1 to it. In particular, our no-go result does not depend on how probabilities
different from 1 are interpreted.
Another distinction is that the framework used here treats all statements about observations as
subjective, i.e., they are always defined relative to an agent. This avoids the a priori assumption
that measurement outcomes obtained by different agents simultaneously have definite values.5 The
assumption of simultaneous definiteness is otherwise rather common. It not only enters the proof
of Bell’s theorem [10] but also the aforementioned arguments based on probabilistic frameworks.
Nevertheless, in our considerations, we used concepts such as that of an “agent” or of “time”.
It is conceivable that the conclusions of or no-go theorem can be avoided by theories that provide a
non-standard understanding of these concepts. We are however not aware of any concrete examples
of such theories.
3 Discussion
In the Gedankenexperiment proposed in this article, multiple agents have access to different pieces
of information, and draw conclusions by reasoning about the information held by others. In the
general context of quantum theory, the rules for such nested reasoning may be ambiguous, for the
information held by one agent can, from the viewpoint of another agent, be in a superposition of
different “classical” states. Crucially, however, in the argument presented here, the agents’ conclu-
sions are all restricted to supposedly unproblematic “classical” cases. For example, agent W¯ only
needs to derive a statement about agent F in the case where, conditioned on his own information w¯,
5Consider for example Wigner’s original setup described in the introduction. Even when Assumptions (C) and (S)
hold, agent W is not forced to assign a definite value to the outcome z observed by agent F.
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the information z held by F has a well-defined value (Table 3). Nevertheless, as we have shown,
the agents arrive at contradictory statements.
Current interpretations of quantum theory do not agree on the origin of this contradiction
(Table 4). To compare the different views, it may therefore be useful to rephrase the experiment
as a concrete game-theoretic decision problem. Suppose that a casino offers the following gambling
game. One round of the experiment described in Section 2.1 is played, with the gambler in the role
of agent W, and the roles of F¯, F, and W¯ taken by employees of the casino. The casino promises to
pay AC1000 to the gambler if F¯’s random value was r = heads. Conversely, if r = tails, the gambler
must pay AC500 to the casino. It could now happen that, at the end of the game, w = ok and
w¯ = ok, and that a judge can convince herself of this outcome. The gambler and the casino are
then likely to end up in a dispute, putting forward arguments taken from Table 3.
Gambler: “The outcome w = ok proves, due to (4), that S was not prepared in state |→〉S. This means
that r = heads and hence the casino must pay me AC1000.”
Casino: “The outcome w¯ = ok implies, due to (6), that our employee observed z = + 1
2
. This in turn
proves that S was not prepared in state |↓〉S. But his means that r = tails, so the gambler must pay us
AC500.”
How should the judge decide on this case? Could it even be that both assertions must be
accepted as two “alternative facts” about what the value r was? We leave it as a task for further
research to explore what the different interpretations of quantum mechanics have to say about this
game.
Our theorem (Section 2.3) may be compared to earlier no-go results, such as [41, 42, 10, 7, 8,
43, 9], which also use assumptions similar to (Q) and (S) (although the latter is often implicit).
These two assumptions are usually shown to be in conflict with additional assumptions about
reality, locality, or freedom of choice. For example, the result of [9], which is as well based on an
extension of Wigner’s argument, asserts that no theory can fulfil all of the following properties:
(i) be compatible with quantum theory on all scales, (ii) simultaneously assign definite truth values
to measurement outcomes of all agents, (iii) allow agents to freely choose measurement settings,
and (iv) be local. Here we have shown that Assumptions (Q) and (S) are already problematic by
themselves, in the sense that agents who use these assumptions to reason about each other as in
Fig. 3 will arrive at inconsistent conclusions.
Another noticeable difference to earlier no-go results is that the argument presented here does
not employ counterfactual reasoning. That is, it does not refer to choices that could have been
made but have not actually been made. In fact, in the proposed experiment, the agents never
make any choices (also no delayed ones, as e.g., in Wheeler’s delayed choice experiment [63]).
Furthermore, none of the agents’ statements refers to values that are no longer available at the
time when the statement is made (cf. Table 3).
We conclude by suggesting a modified variant of the experiment, which may be technologically
feasible. The idea is to substitute the agents F¯ and F by computers. Specifically, one would
program them to follow the steps of the experimental procedure described in Section 2.1, process
the information accessible to them, and output statements such as “I am certain that W will
observe w = fail at 1:31.” To account for the requirement that F¯ and F’s labs be isolated, one
would need to ensure that the computers used for their simulation do not leak any information
to their environment — a property which is necessarily satisfied by quantum computers. Such an
experiment could then be used to verify the statements in Table 3. For example, aborting the
experiment right after 1:13, one could, in the case when z = + 12 , read out statement F
1:13 made by
agent F together with statement F¯1:02 that agent F¯ has made just before. This would be a test for
the correctness of statement F1:13. Note that all statements in the fourth column of Table 3 could
in the same way be tested experimentally. In this sense, quantum computers, motivated usually
by applications in computing, may help us answering questions in fundamental research.
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Appendix
A.1 Information-theoretic description
The experimental protocol described in Section 2.1 may be represented as a circuit diagram, Fig. 4.
The diagram emphasises the information-theoretic aspects of the experiment. While all agents have
full information about the overall evolution (the circuit diagram itself), they have access to different
data (corresponding to different wires in the diagram).
A.2 Derivation of statement W0:00 using Assumption (Q)
In the analysis of the Gedankenexperiment we argued that the event (w¯, w) = (ok, ok) must
occur after finitely many rounds n, which is statement W0:00 described shortly after (7). While
this is a pretty obvious consequence of the Born rule, we now show that it already follows from
Assumption (Q), which corresponds to the special case of the Born rule when it gives probability-1
predictions.
We consider Heisenberg operators relative to time t0 = 0:00, i.e., right before the experiment
starts. For any round n, let Wn be the isometry from C to L¯ ⊗ L that includes the initialisation
of system R in state |init〉R as well as U00→10R→L¯S and U10→20S→L (cf. Table 1), i.e.,
WnC→L¯L = (1L¯ ⊗ U10→20S→L )U00→10R→L¯S |init〉R . (8)
The Heisenberg operator of the event (w¯, w) = (ok, ok) in round n (relative to time t0) can thus
be written as
pi
(n)
(w¯,w)=(ok,ok)
= (WnC→L¯L)
†(|ok〉〈ok|L¯ ⊗ |ok〉〈ok|L)(WnC→L¯L) . (9)
We may now specify a Heisenberg operator pi0:00halt for the halting condition, i.e., that the event
(w¯, w) = (ok, ok) occurs in some round n,
pi0:00halt =
∞∑
n=0
pi
(n)
(w¯,w)=(ok,ok)
n−1∏
m=0
(
1C − pi(m)(w¯,w)=(ok,ok)
)
. (10)
Note that these are operators on C, i.e., pi(n)
(w¯,w)=(ok,ok)
= p for some p ∈ C. It follows directly
from (7) that p = 1/12 > 0. We thus have
pi0:00halt =
∞∑
n=0
p(1− p)n = 1C . (11)
Inserting this measurement operator into the corresponding statement of Assumption (Q) yields
statement W0:00.
A.3 Analysis within Bohmian mechanics
According to Bohmian mechanics, the state of a system of particles consists of their quantum-
mechanical wave function together with an additional set of variables that specify the particles’
spatial positions. While the wave function evolves according to the Schro¨dinger equation, the
time evolution of the additional position variables is governed by another equation of motion,
sometimes referred to as the “guiding equation”. The general understanding is that these equations
of motion must always be applied to the universe as a whole. As noted in [32], “if we postulate that
subsystems [rather than the universe] must obey Bohmian mechanics, we ‘commit redundancy and
risk inconsistency.’”
The Gedankenexperiment presented in this work shows that this risk is real. Indeed, if the
agents applied the Bohmian equations of motion directly to the relevant systems around them,
12
t
n:00 n:10 n:20 n:30 n:40
〈init|R
R
(U00→10
R→L¯S )
†
D¯
F¯
R
S
|heads〉〈heads|R〈¯h|D¯〈h¯|F¯〈↓|S
+|tails〉〈tails|R〈¯t|D¯〈¯t|F¯〈→|S
(U10→20S→L )
†
S
F
D
|↓〉〈↓|S〈− 12 |D〈− 12 |F
+|↑〉〈↑|S〈+ 12 |D〈+ 12 |F
L¯
E¯
L¯
W¯
|ok〉〈ok|L¯〈ok|E¯〈ok|W¯
+|ok〉〈ok|⊥¯L〈fail|E¯〈fail|W¯
L
W
L
E
|ok〉〈ok|L〈ok|E〈ok|W
+|ok〉〈ok|⊥L〈fail|E〈fail|W
Figure 4: Circuit diagram representation of the Gedankenexperiment. The actions of the agents during
the protocol correspond to isometries (boxes) that act on particular subsystems (wires). For example, the measure-
ment of S by agent F in the second protocol step, which starts at time n:10, induces an isometry U10→20S→L from S
to F’s lab L, analogous to the one defined by (2). The subsystems labelled by F¯, F, W¯, and W contain the agents
themselves. Similarly, D¯, D, E¯, and E are “environment” subsystems, which include the agents’ measurement de-
vices. The states of these subsystems depend on the measurement outcome, which is indicated by their label. For
example, |+ 1
2
〉
F
is the state of F when the agent has observed z = + 1
2
.
rather than to the universe as a whole, their reasoning would be the same as the one prescribed
by (Q). But since Bohmian mechanics also satisfies (S), this would, by virtue of our no-go theorem,
imply a violation of (C), i.e., the agents’ conclusions would contradict each other.6
The directive of [32] that Bohmian mechanics should be applied to the entire universe means
that the agents must model themselves from an outside perspective. This ensures that they all
have the same view, so that reasoning according to (C) is unproblematic. But then our no-go
theorem asserts that (Q) is necessarily violated. This is indeed confirmed by an explicit calcula-
tion in Bohmian mechanics, which reveals that statement F¯n:02 of Table 3 does not hold there.
Furthermore, the time order of the measurements carried out by agents W¯ and W is relevant
within Bohmian mechanics. If agent W measured before agent W¯ then, according to Bohmian
mechanics, statement W¯n:22 would be invalid whereas F¯n:02 would hold. This is a clear departure
from standard quantum mechanics, where the time order in which agents W¯ and W carry out their
measurements is irrelevant, because they act on separate systems.
This violation of (Q) raises the question under what circumstances Bohmian mechanics still
endorses the use of the quantum-mechanical Born rule for predicting the outcome of a measurement.
A candidate criterion could be that such a prediction is only valid if a memory of the prediction is
available upon completion of the measurement. One may then be tempted to argue that agent F¯’s
statement F¯n:02, for instance, is invalid because F¯ is herself subject to a measurement, which may
destroy her memory of the prediction for w before that value is measured. This argument does
however not work. The reason is that, in the relevant case when w¯ = ok, the value r and hence
also agent F¯’s prediction for w is, by virtue of the statements W¯n:22 and Fn:12, retrievable at the
time when w is measured.
6This finding should not be confused with the known fact that, if the spatial position of a particle is measured,
the Bohmian position of the measurement device’s pointer is sometimes incompatible with the Bohmian position of
the measured particle [64, 65, 66, 67, 68].
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A.4 Analysis within the CH formalism
In the consistent histories (CH) formalism, statements about measurement outcomes are phrased
in terms of “histories”. These must, by definition, be elements of a whole family of histories, called
a “framework”, that satisfies certain consistency conditions. In the Gedankenexperiment proposed
in this work, a possible history would be
History h1: “In round n the outcomes r= tails, z=+
1
2 , w¯=ok, and w=ok were observed.”
To verify that h1 is indeed a valid history, one has to construct a framework containing this history.
It is straightforward to check that one such framework is the set consisting of h1 together with the
additional histories
History h2: “In round n the outcomes r= tails, z=+
1
2 , w¯=ok, and w= fail were observed.”
History h3: “In round n the outcomes r=heads, z=+
1
2 , and w¯=ok were observed.”
History h4: “In round n the outcomes z=− 12 and w¯=ok were observed.”
History h5: “The outcome w¯= fail was observed.”
The CH formalism contains the Born rule as a special case and hence fulfils Assumption (Q).
Since it also satisfies (S), it follows from our no-go theorem that it violates (C). To illustrate how
this violation manifests itself, we may consider a shortened version of history h1, which leaves the
values z and w¯ unmentioned:
History h′1: “In round n the outcomes r= tails and w=ok were observed.”
The CH formalism provides a rule to assign probabilities to these histories, which turn out to be
Pr[h1] = 1/12 and Pr[h
′
1] = 0 . (12)
Note that these probabilities disagree with the fact that h′1 is just a part of history h1, i.e.,
h1 =⇒ h′1.7
The CH formalism accounts for this disagreement by imposing the rule that logical reasoning
must be constrained to histories that belong to a single framework, which is not the case for h1
and h′1. To illustrate what this means, it is useful to return to the casino example described in the
discussion section above. Within a framework that contains history h′1, the gambler’s reasoning
is correct, for Pr[h′1] = 0. That is, w = ok implies that r = heads. Conversely, considering the
framework above, which contains history h1, it is readily verified that the other histories, h2, h3,
h4, and h5, have probabilities 1/12, 0, 0, and 5/6, respectively. That is, all non-zero probability
histories of this framework that agree with the observation w¯ = ok also assert that z = + 12 and
r = tails. This seems to be in agreement with the casino’s argument, i.e., w¯ = ok implies that
z = + 12 and r = tails. However, because the framework does not include a history that talks about
r alone, it disallows the — seemingly obvious — implication (r = tails and z = + 12 ) =⇒ r = tails.
In other words, within the CH formalism, the casino can prove that r = tails and z = + 12 , but not
that r = tails.
A.5 Analysis within QBism
QBism is one of the most far-reaching subjectivistic interpretations of quantum mechanics. It
regards quantum states as representations of an agent’s personal knowledge, or rather beliefs,
about the outcomes of future measurements, and it also views these outcomes as personal to the
agent.
7This finding may be compared to the three box paradox [69], where calculations in three different consistent
frameworks yield mutually incompatible probability assignments (see Sec. 22 of [35] as well as [70] for a discussion).
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To reflect these tenets of QBism in the analysis of the Gedankenexperiment, it is useful to
imagine that the agents write their observations and conclusions into a personal notebook. For
example, according to Table 3, when agent F¯ gets r = tails in round n = 1, she may put down the
following
Statement F¯1:02: “r = tails at time 1:01, hence I am certain that we will hear W announcing
w = fail at the end of this round.”
Here the phrase “is certain that” expresses a degree of belief and may also be replaced by something
like “would bet an arbitrarily large amount on”. Similarly, agent F, when she gets z = + 12 , may
write into her notebook
Statement F1:12: “z = + 12 at time 1:11, hence I am certain that, if I now checked F¯’s
notebook, I would read that r = tails at time 1:01.”
Agent F may as well write about agent F¯’s conclusions, i.e.,
Statement F1:13: “z = + 12 at time 1:11, hence I am certain that, if I now checked F¯’s note-
book, I would read that she is certain that we will hear W announcing
w = fail at the end of this round.”
Agent F may now be tempted to conclude from the above that
Statement F1:14: “z = + 12 at time 1:11, hence I am certain that we will hear W announcing
w = fail at the end of this round.”
However, permitting such implications is akin to assuming (C). Because QBism satisfies (Q)
and (S), it would result in the agents issuing contradictory statements. The Gedankenexperiment
is thus an example of a multi-agent scenario where, to ensure consistency of QBism, implications
of the type F1:13 =⇒ F1:14 must be disallowed. Nevertheless, there should be ways for agents
to consistently reason about each other. One may therefore ask whether (C) could be substituted
by another (weaker) rule that enables such reasoning but does not lead to contradictions. This
question is currently being investigated [71].
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